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IT 


FOREWORD 


In February of this year the President's Commission on Law Enforcement and 
Administration of Justice issued its General Report, The Challenge of Crime in a 
Free Society. As noted in the Foreword to that Report, the Commission’s work was 
a joint undertaking, involving the collaboration of Federal, State, local, and private 
agencies and groups, hundreds of expert consultants and advisers, and the Commis- 
sion’s own staff. Chapter 11 of that Report made findings and recommendations 
relating to the possible contributions of science and technology to the problems of 
criminal justice. 

This volume, the Task Force Report on Science and Technology, embodies the 
research and analysis which underlie those findings and recommendations, and in 
many instances it elaborates on them. As noted in the Preface, the Institute for 
Defense Analyses (IDA) with funding from the Office of Law Enforcement Assist- 
ance of the Department of Justice, undertook the responsibility for organization of the 
Science and Technology Task Force for the Commission. Thus, this volume repre- 
sents the report of IDA to the Commission and reflects the work of IDA with advice 
and assistance from some members of the Commission and its staff. 

The Commission is grateful to IDA for undertaking this important task and to 
those who worked on this volume including consultants, advisers and collaborating 
agencies whose efforts are reflected in this volume. 


Vella J&B. 


NicHOLAS DEB 


ATZENBACH, 
Chairman. 


Il 


Pretace 


This report of the Science and Technology Task Force 
of the President’s Commission on Law Enforcement and 
Administration of Justice was prepared by the Institute 
for Defense Analyses (IDA). The material in it is 
intended to supplement and amplify the discussion of 
science and technology in the general report of the Com- 
mission to the President, “The Challenge of Crime in a 
Free Society,’ which contains the Commission’s recom- 
mendations. The work was conducted under a grant 
from the Office of Law Enforcement Assistance of the 
Department of Justice to the Institute for Defense Anal- 
yses through the Department of Defense. The staff for 
the study were brought together from industry, universi- 
ties, government, and IDA. The major portion of the 
work was conducted during the summer and fall of 1966. 

Its preparation by an outside organization and the 
technical nature of its subject matter distinguish this re- 
port from the other works of the Commission. Some of 
the major thrusts and the general coverage of the Task 
Force’s work were discussed by the Commission members, 
and the Commission’s staff advised and consulted with 
the Science and Technology Task Force staff during all 
of its work. But the substance of the report was the 
responsibility of IDA. 


A special Science Advisory Committee was established 
by the Attorney General to help focus the Task Force’s 
work on the important problems, to assist in many of the 
professional judgments, and to review the scientific va- 
lidity of the work. The members of that Committee are: 


Hon. Charles D. Breitel, Associate Judge, Court of 
Appeals of the State of New York and Member, 
President’s Commisssion on Law Enforcement and 
Administration of Justice. 


Dr. James Fletcher, President, University of Utah. 


Dr. Eugene Fubini, Vice President, International 
Business Machines, Inc. 


Chief Thomas Reddin, Chief of Police, Los Angeles 
Police Department. 


Dr. Robert Sproull, Vice President for Academic 
Affairs, Cornell University. 


Professor James Q. Wilson, Department of Govern- 
ment, Harvard University. 


Prof. Adam Yarmolinsky, Harvard Law School, 
Harvard University. 


In addition, Dr. David Robinson, of the Office of Science 
and Technology in the Executive Office of the President, 
participated regularly and served in effect as an eighth 
member. 


At IDA, general supervision of the Task Force was 
provided by Dr. Milton U. Clauser and Dr. Ali B. 
Cambel, the directors of IDA’s Research and Engineer- 
ing Support Division, and Mr. Alexander J. Tachmindji, 
Assistant Director. 

The work of the Task Force was under the overall 
direction of Dr. Alfred Blumstein and was prepared as 
an integrated effort by the staff and a number of con- 
sultants. The regular members of the staff and the sub- 
jects they covered were: 


Mr. Ronald Christensen, University of California, 
systems analysis and corrections operations. 


Mr. Ronald Finkler, Institute for Defense Analyses, 
information systems. 


Dr. Saul I. Gass, International Business Machines, 
police operations. 


Mrs. Sue Johnson, consultant, systems analysis. 


Dr. Peter Kelly, Kelly Scientific Corp., communica- 
tions and electronics. 


Mr. Raymond Knickel, consultant, police electron- 
ics equipment. 


Mr. Richard Larson, Massachusetts Institute of 
Technology, systems analysis. 


Dr. Joseph Navarro, Institute for Defense Analyses, 
court operations. 


Miss Jean Taylor, Institute for Defense Analyses, 
court operations. 


In addition to this basic staff a number of consultants 
undertook separate studies in close coordination with the 
staff : 


Prof. Thomas Bartee, Harvard University, finger- 
print recognition. 


Prof. Mandell Bellmore, Johns Hopkins University, 
operations research. 


Mr. Albert Bush-Brown, Rhode Island School of De- 
sign, city planning. 


Mr. Joseph Coates, Institute for Defense Analyses, 
nonlethal weapons. 


Mr. P. A. DonVito, consultant, cost analysis. 


Mr. Leonard Goodman, Bureau of Social Science 
Research, attitude survey. 


Mr. Norbert Halloran, International Business Ma- 
chines, court information systems. 


Dr. William Herrmann, consultant, police opera- 
tions. 


Mr. Herbert Isaacs, consultant, survey of police field 
operations. 


Mr. Robert Jones, C-E-I-R, information systems. 


Dr. Vincent Keenan, consultant, laboratory instru- 
mentation. 


Prof. Peter Lejins, University of Maryland, crim- 
inology. 


Dr. William Offutt, International Business Machines, 
court operations. 


Mr. Lloyd Perper, consultant, alarms. 


Prof. Thomas Schelling, Harvard University, eco- 
nomic analysis. 


Mr. Peter Szanton, Bureau of the Budget, program 
budgeting. 


Dr. Claude Walston, International Business Ma- 
chines, information systems. 


Prof. Leslie Wilkins, University of California, crim- 
inology. 
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The work of the staff and of these consultants is re- 
flected in the main body of this report. Ten of the 
specific papers generated are presented as appendices A 
through J. Additional papers on apprehension by police, 
nonlethal weapons, the overall criminal justice system, 
delay in courts and information flow are more extensive 
and technical to be presented here. These reports are now 
in preparation and will be available from the Clearing- 
house for Federal Scientific and Technical Information of 
the National Bureau of Standards. Papers on computer 
operations in the courts, on economic analysis of or- 
ganized crime, on the design of national criminal justice 
statistical systems, and on the projection of populations 
under correctional supervision appear as appendices in 
the Task Force reports on Courts, Organized Crime, As- 
sessment of Crime, and Corrections, respectively. 


Since the Task Force staff of scientists and engineers 
had little prior knowledge of criminal justice operations 
and problems, it relied heavily on the Crime Commission 
staff and numerous criminal justice officials for identifica- 
tion of the operational problems of the system. 

The Federal Bureau of Investigation was extremely 
helpful in this regard, especially in providing data on 
crime in the United States. Among State agencies, the 
California Bureau of Criminal Statistics and the New 
York State Identification and Intelligence System also 
made valuable contributions. 

The police departments of Baltimore, Boston, Chicago, 
New York, Los Angeles, San Francisco, St. Louis, and 
Washington, D.C., among others, were generous in their 
counsel and provided staff members with some operational 
experience in patrol, communications, and other police 
functions. The International Association of Chiefs of 
Police was a valuable source of data and advice. 

Experience and data on court operations were provided 
by the Court of Common Pleas of Allegheny County, Pa., 
the courts in the District of Columbia, and the Adminis- 
trative Office of the U.S. Courts. Similar contributions 
in corrections came from the Federal Bureau of Prisons, 
the California Youth and Adult Authorities, the Draper 
Correctional Center, Lorton Reformatory, and the Na- 
tional Training School for Boys. 

Scientists and engineers from industry, government, and 
universities contributed many suggestions and provided 
many of the needed technical details. In the Federal 
Government, the Federal Bureau of Investigation, the 
Federal Communications Commission, the Institute of 
Telecommunication Sciences and Aeronomy, and the 
Agency for International Development were among the 
agencies providing valuable advice and information. A 
number of companies in the electronics, data processing, 


telephone, and automobile industries were especially 
helpful. 
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A number of individual consultants provided data or 
guidance, reviewed preliminary papers, and generally 
assisted in the work of the Task Force. Among others too 
numerous to mention, this group included: 


Miss Sylvia Bacon, Assistant Director, President's 
Commission on Crime in the District of Columbia. 


Mr. James E. Barr, Chief, Safety and Special Radio 
Services Bureau, Federal Communications Com- 
mission. 


Mr. Ronald Beckman, Research and Design Insti- 
tute. 


Mr. Richard Braun, Criminal Division, Department 
of Justice. 


Mr. Robert Brooking, Communications Engineer, 
City of Burbank, Calif. 


Mr. Jerome Daunt, Chief, Uniform Crime Report- 
ing Section, FBI, Department of Justice. 


Dr. Robert Emrich, Office of Law Enforcement 
Assistance, Department of Justice. 


Hon. Richard F. C. Hayden, Judge of the Superior 
Court of Los Angeles. 


Dr. Jerry Kidd, National Science Foundation. 


Mr. Richard McGee, Administrator, Youth and 
Adult Corrections Agency, Sacramento, Calif. 


Mr. Robert Muzzy, Research Associate, Ohio State 
University. 


Dr. Jesse Orlansky, Institute for Defense Analyses. 
Mr. S. Rothman, TRW Systems. 


Mr. Arnold Sagalyn, Director, Office of Law En- 
forcement Coordination, Department of Treasury. 


Mr. Daniel Skoler, Office of Law Enforcement 
Assistance, Department of Justice. 


Dr. Michael Watter, Institute for Defense Analyses. 
Mr. Herbert Weiss, Litton Systems, Inc. 


Prof. Marvin Wolfgang, Director, Center of Crim- 
inological Research, University of Pennsylvania. 


Computer programming assistance was provided by 
Thomas Celi, Robert Cohen, Janice Heineken, Thomas 
Humphrey, Charles McBride, Franz Nauta, and Vera 
Wilson. Additional research assistance was provided by 
Mary Ellen Angell, Mara Auerbach, Lois Martin, 
Marsha Smith, and Ray Vickery. 


Secretarial and general administrative operations were 
coordinated by Carolyn Tillman. She was assisted by 
many members of the IDA secretarial staff. 


Editorial assistance was provided by Edgar Boling, 
Richard Brennan, Thomas Farrell, Joyce Harmon, Henry 
Parrish, and Marvin Walter. Illustrations were prepared 
under the direction of Richard A. Cheney and Walter J. 
Hamilton by Edward S. Gault and Vernon Townsend. 
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Chapter 7 


Science and Technology and the 
Criminal Justice System 


ROLE OF SCIENCE 
CRIMINAL JUSTICE 


AND TECHNOLOGY IN 


The natural sciences and technology have long helped 
the police to solve specific crimes. Scientists and engi- 
neers have had very little impact, however, on the overall 
operations of the criminal justice system and its principal 
components: police, courts, and corrections. More than 
200,000 scientists and engineers have applied themselves 
to solving military problems and hundreds of thousands 
more to innovation in other areas of modern life, but 
only a handful are working to control the crimes that 
injure or frighten millions of Americans each year. Yet, 
the two communities have much to offer each other: sci- 
ence and technology is a valuable source of knowledge 
and techniques for combating crime; the criminal justice 
system represents a vast area of challenging problems. 


EQUIPMENT 


In the traditional view, science and technology pri- 
marily means new equipment. And modern technology 
can, indeed, provide a vast array of devices beyond those 
now in general use to improve the operations of criminal 
justice agencies, particularly in helping the police deter 
crime and apprehend criminals. Some of the more im- 
portant possibilities are: 


0 Electronic computers for processing the enor- 
mous quantities of needed data. 

© Police radio networks connecting officers and 
neighboring departments. 

0 Inexpensive, light two-way portable radios for 
every patrolman. 

O Computers for processing fingerprints. 

O Instruments for identifying criminals by their 
voice, photographs, hair, blood, body chemis- 
try, etc. 


O Devices for automatic and continual reporting 
of all police car locations. 

0 Helicopters for airborne police patrol. 

© Inexpensive, reliable burglar and_ robbery 
alarms. 

0 Nonlethal weapons to subdue dangerous crimi- 


nals without inflicting permanent harm. 


© Perimeter surveillance devices for prisons. 


O Automatic transcription devices for courtroom 
testimony. 


Many of these devices are now in existence, some as 
prototypes and some available commercially. Others still 
require basic development but are at least technically 
feasible and worthy of further exploration. 

But for many reasons, even available devices have only 
slowly been incorporated into criminal justice operations. 
Procurement funds have been scarce, industry has only 
limited incentive to conduct basic development for an 
uncertain and fragmented market, and criminal justice 
agencies have very few technically trained people on their 
staffs. Much closer communication is needed between 
criminal justice officials and engineers’ to identify the 
problems for the engineers and to enumerate the possi- 
bilities for the officials’ consideration. 

Also, conventional methods of governmental budget- 
ing often tend to restrict the application of new technol- 
ogy. Budgets are traditionally prepared with item cate- 
gories such as “personnel” and “equipment,” rather than 
with functional or program categories, such as “maintain- 
ing general police patrol.”” Under such circumstances, a 
reasonable equipment expenditure may loom as a large 
increase in the equipment budget. For instance, if each 
car in a 50-vehicle fleet is provided with a $200 piece of 
equipment, the additional $10,000 might dominate the 
increase in an item budget. When it is considered, how- 
ever, that it costs about $100,000 per year to operate a 
two-man patrol car continuously, an investment of even 
a few thousand dollars per car, amortized over at least 
3 years, is a small cost if it significantly improves patrol 
operations. Compared to a $5 million budget for 
“patrol,” a $10,000 increment is very small. 

The Federal Government, as well as some State and 
local governments, is moving from item budgeting to 
program budgeting to obtain a clearer picture of how its 
resources are being allocated. Such an approach seems 
particularly appropriate for criminal justice agencies, 
especially as their operations become more interrelated 
in a criminal justice system.’ 

In the realm of technology it is far easier to imagine 
interesting possibilities than to choose the ones in which 
to invest necessarily limited equipment funds. Technol- 
ogy can fill most reasonable requests and can thereby 


initi i i issi Symposium on Science 
1 To initiate this dialogue, the Commission sponsored a Symp t 

and Criminal Justice in Washington, D.C., in June 1966. The proceedings are 
available from the Superintendent of Documents. A subsequent symposium was 
held in Chicago in March 1967, sponsored by the Office of Law Enforcement As- 


sistance and the Illinois Institute of Technology Research Institute. 
are to be published by the latter organization. 

2 An illustrative program budget for criminal justice functions is presented as 
appendix A. 
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provide considerable help to law enforcement. But so- 
ciety must decide what devices it wants relative to the 
price it is willing to pay in dollars, invasion of privacy, 
and other intangible social costs. It is technically feasible, 
for example, to cut auto theft drastically by putting a 
radio transmitter in every car in America and tracking 
them all continuously. But this might cost a billion dol- 
lars and could create an intolerable climate of surveil- 
lance. Science can provide the capability, but the public 
as a whole must participate in the value discussion of 
whether or not the capability is worth the costs. 

This is often a difficult decision to make, since for most 
inventions, no one can now say what they will do about 
crime—very little being known of what anything will do 
about crime. Inventions can cut costs or they can increase 
man’s ability to sense and to act. They provide more 
options. They make possible actions heretofore imprac- 
tical. But their value in reducing crime is not known 
and will remain so until careful field evaluations are con- 
ducted. There should be a coordinated national pro- 
gram to identify the equipment requirements, to under- 
take the most promising developments, and then to con- 
duct field trials that measure intended as well as side 
effects of new equipment and procedures. The results 
of these research, development, test, and evaluation ef- 
forts must then be disseminated widely so that the entire 
system can share in the benefits. 


INFORMATION AND RESEARCH 


One essential for such a research program, as well as for 
immediate operational improvements, is better informa- 
tion about crime and the criminal justice system. Crim- 
inologists, criminal justice officials, and others familiar 
with the problems of crime control have long empha- 
sized that the lack of adequate, complete, and timely in- 
formation lies at the root of many of their problems. In- 
formation is needed about: 


_| The extent and nature of crime and its causes, 
to help in formulating effective crime control 
programs. 

Current crimes, to aid in immediate apprehen- 
sion of offenders. 

Past crimes, to help solve them. 


Individual offenders, to help prescribe treat- 
ment for them. 

Criminal justice operations, to help officials 
better allocate their money and manpower. 
Effects on crime of actions taken by the crimi- 
nal justice system, to help promote the evolu- 
tion of a more humane and effective system. 


2 a a 


2 a os 


Each year, judges in this country pass approximately 2 
million sentences; unfortunately, no one knows the likely 
effect of the sentences on future criminal behavior. The 
Nation’s policemen spend half of their time on “pre- 
ventive” patrol, yet no police chief knows how much crime 
is thereby prevented. Corrections officials, responsible 


for over 2 million offenders each year, are considering 
many new treatment programs; to choose among these, 
they must be able to estimate the amount by which each 
program can reduce recidivism. : 

Information about the consequences of actions by the 
criminal justice system is essential for improving those 
actions. In this sense the criminal justice system may be 
compared to a blind man far down the side of a moun- 
tain. If he wants to reach the top, he first must move. 
And it matters little whether his first move is up or down 
because any movement with subsequent evaluation will 
tell him which way is up. A step by step process of ex- 
perimenting, evaluating, and modifying must be under- 
taken. Both innovation and the subsequent evaluation 
of its consequences are essential to climbing up. This 
process is inherently slow and expensive, and it must be 
conducted with care to avoid misleading results. 

Scientists can help by participating in the efficient 
design of experiments and the evaluation of their results. 
The fact-finding, analytical, and experimental methods 
of science can help develop the required information. 
Once the information is developed, then the modern 
technology of data collection, retrieval, analysis, and 
transmission can help process and deliver it where and 
when it is needed. 

Such carefully controlled testing offers some valuable 
opportunities for making the criminal justice system more 
efficient and effective. Correctional agencies have experi- 
mented with assigning at random a test group of offenders 
to each of several different treatment programs and eval- 
uating their relative effectiveness in terms of recidivism 
and social adjustment. The same experimental tech- 
niques are being used in the evaluation of drugs and 
other treatment by the medical sciences. Similarly, 
police departments can control the distribution of marked 
and unmarked cars patrolling various precincts to evaluate 
the effects upon crime rates in these and adjoining pre- 
cincts. The design of such experiments must be carefully 
undertaken to avoid spurious experimental effects and to 
avoid taking otherwise undesirable or unethical actions 
merely for the sake of the experiment. 

Crime control, being largely a social problem, may 
appear to be outside the realm of the scientists’ skills. 
Indeed, many aspects of the problem do fall outside their 
scope. The experience of science in the military, how- 
ever, Suggests that a fruitful collaboration can be estab- 
lished between criminal justice officials on one hand and 
engineers, physicists, economists, and social and behav- 
ioral scientists on the other. In military research organi- 
zations these different professions, working with military 
officers in interdisciplinary teams, have attacked defense 
problems in new ways and have provided insights that 
were new even to those with long military experience. 
Similar developments appear possible in criminal justice. 

Research, emphasizing the social and behavioral sci- 
ences but including all the sciences, must be undertaken 
on an expanded and continuing basis. Manufacturing 
industry devotes at least 3 percent of its budget to re- 
search, development, test, and evaluation.3 The Defense 
Department spends about $7 billion a year on research 


% Based on data from ‘‘Basic Research, Applied Research, and Development in 
American Industry—1965""; National Science Foundation; November 1966, 


and development, about 13 percent of its regular budget.‘ 
In contrast, as recently as 1965, the Justice Department 
was the only Cabinet department with no share of the 
roughly $15 billion Federal research and development 
budget.° The research and development budget in other 
criminal justice organizations is negligible. Even if only 
1 percent of the criminal justice budget were earmarked 
for research and development, this would provide about 
$50 million, and several times that amount needs to be 
invested each year. 


SYSTEMS ANALYSIS 


Because of the enormous range of research and devel- 
opment possibilities, it is essential to begin not with the 
technology but with the problem. Technological efforts 
can then be concentrated in the areas most likely to be 
productive. Systems analysis is a valuable method for 
matching the technology to the need. It uses mathe- 
matical models of real-life systems to compare various 
ways of designing and using these systems to achieve 
specified objectives at minimum cost. This approach is 
particularly relevant in today’s prolific technology, where 
the problem is less one of producing new devices than of 
choosing among the many potential opportunities. 

These same techniques of systems analysis can often be 
helpful when applied to the design of some of the opera- 
tions in police, courts, and corrections agencies, and to 
relating these parts to the overall criminal justice system. 
Such analyses provide a framework for study and for ex- 
perimenting, as in a laboratory, with many possible alter- 
natives prior to actual field implementation. Depend- 
ing as they do on the development of appropriate data, 
these analyses stimulate careful collection and evaluation 
of information, and can thereby help locate critical areas 
for research. 

The use of systems analysis was a major theme of the 
work of the Task Force. The approach begins with a 
broad look at the system’s objectives and the possible 
methods for achieving them. The next step is to esti- 
mate the costs and benefits of each method for reaching 
the goal. The overall goals, however, are often difficult 
to relate in quantifiable terms to the alternatives under 
consideration. Thus, it is necessary to narrow the focus 
to those parts and aspects of the criminal justice system 
that are amenable to systems analysis, and then to present 
conclusions in appropriately qualified terms. 

Despite these limitations, the systems analysis approach 
has the larger advantage of clarifying goals and making 
them explicit, drawing attention to ways of achieving 
them. Decision makers are thereby forced to make con- 
scious choices among the values to be served. This 
process makes apparent what information is relevant to 
these choices and stimulates the collection of the appro- 
priate data. 

Figure 1 shows an example of the work of the Task 
Force along these lines—the use of systems analysis in 
finding how the police patrol force can better deter crime 
by shortening the time it takes to respond to a call for 
help. In the step diagram, the objectives are shown on 
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the risers and the means for achieving them on the 
treads. The support for each of the steps is shown be- 
neath it. By a sequence of analytical and empirical 
investigations, necessarily interlaced with assumptions and 
judgment, it was possible to proceed from a basic objec- 
tive of the criminal justice system—reducing crime—to 
specific recommendations concerning new technology and 
operating procedures. There are, of course, other 
interests involved in the operations of the criminal justice 
system—protecting the innocent and safeguarding indi- 
vidual privacy, for example. But by narrowing the focus 
to the crime-reduction objective, it may be possible to 
suggest new strategies that can then be evaluated in the 
light of other and broader objectives. 

Figure 1 starts with the principal objective of the 
criminal justice system, reducing crime. One means of 
doing this is by deterring people who might otherwise 
commit criminal acts. The police deter primarily by 
using the patrol force to pose a threat of apprehension, 
thereby raising the chances of penalties. Field data were 
collected and analyzed to determine the important factors 
that lead to apprehension. Among these, response time 
appeared to be important. This led to a cost-effective- 
ness analysis which compared means for cutting response 
time. The results of the analysis suggested that the best 
allocation of resources would be in automating the com- 
munications center operations by such means as using 
computers to perform some of the dispatching functions, 
automatic car locaters to find the closest car, and other 
related technological possibilities. These components 
then can be brought together into a system design. Thus, 
it was possible to proceed systematically from the broad 
objectives down to the relevant technological details. 

Of course, figure 1 is a highly simplified routing 
through the process. At each stage, the objectives are 
much more complex and the means far more numerous 
than the ones shown. In addition, the support for each 
step in this example is based on very preliminary work 
and requires much further development before firm con- 
clusions can be drawn. Furthermore, this work was based 
on both specific and hypothetical situations, and the con- 
ditions examined may not necessarily apply in any given 
local situation. They are intended more as an illustra- 
tion of an approach than for the generality of their 
conclusions. 


THE SCIENCE AND TECHNOLOGY TASK FORCE 


WORK OF THE TASK FORCE 


The Science and Technology Task Force was estab- 
lished to investigate in greater detail some of the applica- 
tions of science and technology to the problems of crime, 
and especially to improving the criminal justice system. 
The Task Force sought: 


(J To identify the problems, immediate and long- 
term, that science and technology is most likely 
to help solve, and to suggest the kinds of re- 
search and development needed. 


4“The Budget of the United States Government’’; Fiscal year ending June 30, 
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FIGURE 1. A SIMPLIFIED ILLUSTRATION OF A SYSTEMS APPROACH RELATING TECHNOLOGY TO CRIME CONTROL 
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(i To identify and describe crime control prob- 
lems in a form more susceptible to quantitative 
analysis. 


(] To point out the kinds of important data on 
crime control and the criminal justice system 
that are lacking, unreliable, or otherwise un- 
usable, and to propose means of correcting such 
deficiencies. 


[] To analyze problems in crime assessment, 
police, courts, and corrections as an aid to the 
Commission and its other task forces. 


_] To suggest organizational formats within which 
technical devices and systems can be developed, 
field tested, and rendered useful. 
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With a scope so broad and time and manpower severely 
limited, it was necessary to make an early selection of 
areas to be emphasized. The social and behavioral sci- 
ences were deemphasized, largely because these were sub- 
jects already receiving treatment elsewhere in the Com- 
mission’s work. The system sciences—information sys- 
tems and computer applications, communications systems, 
and systems analysis—were given primary emphasis. In 
examining the applicability of technology, the emphasis 
was placed on identifying requirements rather than on 
detailed design or selection among equipment alternatives. 

Among crimes, the primary focus was on the “Index” 
crimes—willful homicide, forcible rape, aggravated as- 
sault, robbery, burglary, larceny of $50 and over, and 
auto theft—the predatory crimes which are a principal 
source of public concern today. Only limited attention 


was paid to public disorder and vice crimes, and to 
“white collar crimes,” such as illegal price fixing, tax 
evasion, and antitrust violations. 

The organization and emphases in the Task Force’s 
work are illustrated in figure 2. The heavier outlines in- 
dicate the subjects of major attention. Of the methods 
for controlling or reducing crime, the primary focus was 
on the criminal justice system—the police, courts, and 
corrections agencies. Within the criminal justice system 
the greatest potential for immediate improvement by 
analysis and technological innovation appears to be in po- 
lice operations. Hence, police problems were empha- 
sized heavily; less attention was given the problems of 
courts; and still less to the inherently behavioral problems 
of corrections. 


FIGURE 2. STRUCTURE OF THE WORK OF THE SCIENCE AND 


TECHNOLOGY TASK FORCE 


- METHODS OF CRIME CONTROL 


| INFORMATION SYSTE 
(Chapter 6) 


RESEARCH & DEVELOPMENT 
(Chapter7) 


RIMINAL JUSTICE SYSTEM 
_ (Chapter 5) 


REDUCING CRIMINAL 


OPPORTUNITIES 
(Chapter 4) 


REDUCING NEED & DESIRE 


ORGANIZATION OF REPORT 


Both chapters 2 and 3 cover aspects of police opera- 
tions, especially in the apprehension of criminals. The 
apprehension process is examined in detail with data from 
one city, relating apprehension to factors in the crime and 
in the police response to it. Since response time was 
found to be an important factor, various elements of the 
apprehension process were analyzed to find the optimum 
way to cut response time. In addition, specific aspects of 
the apprehension process are examined in some detail. 


~ COURTS POLICE CORRECTIONS 
~ (Chapter 4) | (Chapters 2 & 3) (Chapter 4) 
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Operation of the police communications center offers 
an opportunity for major technological improvement so 
this subject is discussed in detail in chapter 3, including 
means of modernizing the command and control process 
and of relieving the radio frequency congestion character- 
istic of most large city police departments. 

Chapter 4 deals with some aspects of court manage- 
ment, corrections and crime prevention. The court 
management discussion focuses on the problem of reduc- 
ing delay in processing cases. Simulation of court opera- 
tions is discussed as a means for conducting experiments 
and evaluating possible improvements in court procedures 
in order to reduce congestion. 

Two aspects of corrections are reviewed in chapter 4—’ 
the use of programed instruction as an aid to rehabilita- 
tion and the use of statistical techniques to aid in making 
correctional decisions. 

Two specific examples of how technological means may 
reduce opportunities for crime—auto ignition redesign 
and street lighting—are also discussed in chapter 4. 

Chapter 5 examines the uses of systems analysis for 
study of the entire criminal justice system as an integrated 
whole. A generic model of a total system is used to cal- 
culate recidivism rates and operating costs associated with 
different crime control programs. This preliminary 
effort is limited largely by the available data, and so, 
more than producing solid results, identifies critical data 
requirements. 

The potential role of modern information technology 
is the subject of chapter 6, in which a possible integrated 
information system for criminal justice is described. 

Clearly, these subjects are only a sampling of the many 
opportunities for science and technology to contribute to 
the control of crime. Within the limited time, there was 
no attempt to address questions of the basic causes of 
crime, nor even to stray very far outside the criminal 
justice system for means of crime control. Even within 
the criminal justice system, many more areas need inten- 
sive study and evaluation. The subject of criminalistics, 
the traditional tie between technology and criminal jus- 
tice, has been treated only marginally and needs specific 
investigation. Many fields of science and technology of- 
fer promising opportunities for exploration in addition to 
those covered in this brief survey, and some of these may 
turn out to be more significant than those covered here. 
Some of the other possibilities for the use of science and 
technology within the criminal justice system are men- 
tioned in chapters 2 through 4. 

Chapter 7 outlines a program of research and develop- 
ment by which the Federal Government can stimulate a 
major infusion of science and technology into the crimi- 
nal justice process and to attack the broader problems of 
the control of crime. 


RESULTS OF TASK FORCE WORK 


From its investigations, the Task Force produced a 
number of preliminary results and recommendations, 
including: 


O 


i 


O 


O 


O 


A compilation of field data examining certain 
relationships between police field operations 
and the apprehension of criminals. 


Procedures for improving police responsive- 
ness to calls at minimum cost. 


An approach which could significantly reduce 
police radio frequency congestion. 


An outline of a research and development pro- 
gram for the development of a semiautomatic 
fingerprint recognition system to replace the 
present manual system under which a criminal 
cannot ordinarily be traced unless a full set of 
10 prints is available. 


Studies examining possible technological inno- 
vations for police operations in such areas as 
alarm systems and nonlethal weapons. 


Statistical approaches concerned with the im- 


provement of allocation of patrol officers in the 
field. 


A procedure for testing means of reducing 
unnecessary delays in moving cases through the 
courts. 


O An examination of programed learning tech- 
niques as one means of contributing to the re- 
habilitation of young offenders. 


O Methods for making auto theft more difficult. 


O An exploratory attempt to apply system analy- 
sis to the overall criminal justice system. 


OF An outline, but not a detailed design, of a 
national information system for criminal justice 
agencies. 


OA proposal for a national research and devel- 
opment program. 


These specific results and recommendations are 
intended only to illustrate the potential contributions of 
science and technology to crime control. They must be 
developed in detail for each local situation and the extent 
of their utility must still be ascertained from better data. 
As illustrations, however, they appear to offer sufficient 
promise of the potential benefits from science and tech- 
nology to warrant major efforts in these directions. 


Chapter 2 


Police Operations—the 


Apprehension Process 


Of all criminal justice agencies, the police traditionally 
have had the closest ties to science and technology. 
There is considerably more scope for the equipment tech- 
nology in policing than in other parts of the criminal 
Justice process. Police communications, transportation, 
weaponry, crime detection, and. crime investigation all 
draw on science and technology to an extent that exceeds 
the potential in courts and corrections. Yet even here 
many potential contributions remain unexploited. In 
addition, contributions from research, information proc- 
essing, and systems analysis are only just beginning to be 
opened. For these reasons, the Task Force focused a 
major part of its efforts on police operations. 

The prevention or deterrence of crime is indirectly pro- 
moted by the police through such diverse means as com- 
munity relations and public information programs, the 
selection and training of effective personnel, contingency 
planning for disasters or disorders, and the maintenance 
of an effective intelligence system. 

Science and technology can improve the capabilities 
of the police in these areas in many different ways. 
The techniques of industrial psychology can aid in 
selecting effective police officers. Educational technol- 
ogy can aid in training: Programed learning texts can be 
used for individual study while an officer is waiting for 
appearance in court; closed-circuit television can be used 
to present skilled lecturers to a number of police precincts 
or departments at the same time; and simulated exercises 
can be used to train groups of police officers to work as an 
integrated team in handling unusual large-scale disturb- 
ances. The techniques of operations research can be 
used to allocate resources and to develop equipment 
maintenance and replacement schedules. 

The Task Force’s prime concern, however, was with 
what contributions science and technology could make to 
those police operations directly concerned with controlling 
crime by apprehending criminals or by deterring poten- 
tial criminals with a convincing threat of apprehension. 
The Task Force focused on the operations of the patrol 
force in apprehension of individuals after they commit 
criminal acts. The oldest ties police field operations 
have to technology center around apprehension. Auto- 
mobiles, radios, crime laboratories, scientific investigation, 
and police weaponry are all essential technical aids to 


the operations of a modern police force. 


The apprehension process (figure 3) begins with the 
detection of a crime by the cruising patrol force or by a 
report to the police by an alarm, a witness, or a victim. 
Once the information is communicated to the police, an 
appropriate response must be selected, and patrol officers 
dispatched to the scene. Then follow search and investi- 
gation—interrogation, data gathering, suspect check- 
outs—and then, perhaps, arrest. 

The choice of which technological possibilities in this 
area to pursue is made more difficult by the lack of data 
on just what situations confront the police, and by the 
lack of systematic studies of police patrol and apprehen- 
sion operations. To try to fill this gap, the Task Force 
studied the factors in the apprehension process with orig- 
inal field data and techniques of cost-effectiveness 
analysis. Within the apprehension process, the functions 
of command-and-control and communications were 
found to be sufficiently important to warrant separate 
treatment, and are covered in chapter 3. 

The remainder of this chapter examines the other 
stages in the apprehension process: detection, police mo- 
bility, nonlethal weapons, evidence gathering by finger- 
prints, and analysis by crime laboratories. Some of the 
potential scientific and technological contributions to 
each are identified. In addition, the problem of effective 
assignment of patrolmen, which overlays the entire proc- 
ess, Is examined. 


ANALYSIS OF FIELD DATA ON APPREHENSION 


With the cooperation and extensive assistance of the 
Los Angeles Police Department (LAPD), a study was 
conducted to identify and assess the influence of various 
factors in the apprehension process on the solution of 
crimes. The study was an analysis of police records: 
Reports of calls for service, patrol field activity, crimes, 
detective investigations, and arrests and other case clear- 
ances were systematically analyzed. Data were collected 
on time delays within the communications center and 
response time in the field. 

The sample of cases represented the total activity in 2 
of 15 field divisions for the month of January 1966. The 
sample included 4,704 incidents, of which 1,905 actually 
involved reported crimes. Such police activities as 
arresting drunks and vagrants and handling traffic inci- 
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dents were excluded. The data were collected from 
communication message tickets, officers’ daily field re- 
ports, crime reports, detective followups, and arrest re- 
ports. The details of the study are given in appendix B. 


CLEARANCE OF CRIME CASES 


Of the 1,905 crimes examined in the study, 25 percent 
(482) resulted in arrests or other clearances. Of the 
solved or “cleared” cases 70 percent involved arrests, 
and 90 percent of these were made by the patrol force. 
More than half the arrests were made within 8 hours of 
the crime, and almost two-thirds were made within the 
first week. 

The most significant factor found to affect clearance 
is the naming of the suspect in the crime report.® As 
shown in figure 4, if a suspect is neither known to the 
victim nor arrested at the scene of the crime, the chances 
of ever arresting him are very slim. Of the 482 cleared 
cases, 63 percent involved “named suspects”, about half 
being known by the victim and half through on-the-scene 
arrests (approximately 30 percent by police officers and 
20 percent by store security officers). The majority of 
the crime cases, a total of 1,556 (82 percent), involved 
suspects not named in the crime report. Of these, 1,375 
(88 percent) were not cleared. Even in the cleared cases 
with unnamed suspects, most of these were cleared be- 
cause of an on-the-scene arrest, though the suspect was 
not “named” in the crime report. These results indi- 
cate the narrow range of situations in which apprehension 
is likely. They suggest a search for better means of identi- 
fying the suspect at the crime scene. One means of ac- 
complishing that is by enabling the patrol force to respond 
more rapidly so as to increase the chance of actually 
catching the suspect at the scene. 

The naming of the suspect is also an important factor 
in detective followup. Detectives, not surprisingly, tend 
to put their limited resources into cases where there is 
something positive to investigate. Detectives made fol- 
lowup reports in 363 of the 482 cleared cases. Almost 
two-thirds of these followups were named-suspect cases. 
Of the remaining third, more than half involved cases 


in which on-scene arrests had been made but the suspect 
was not named in the crime report. Of 1,423 uncleared 
cases, only 84 (or 6 percent) followup reports were 
actually made by detectives, and the suspect was identi- 
fied in only 18 of these. Some followup investigation 
may have been made in the other cases though no reports 
were filed. Detectives understandably tend not to make 
followup reports when there is nothing to report and 
where there is no obvious evidence on which to base a 
followup investigation, no followup effort appears to be 
expended. 


FIGURE 4. CLEARANCE OF CRIMES WITH NAMED AND UNNAMED SUSPECTS 


NAMED SUSPECTS 


UNCLEARED 
CASES = 48 
RATE = 14% 


UNNAMED SUSPECTS 


UNCLEARED 


CASES = 1,375 
RATE = 88% 


TOTAL CASES = 1,905 


TOTAL CLEARANCE RATE = 25% 
i 


Methods by which detectives identified suspects heavily 
emphasized use of stolen property and vehicle informa- 
tion, Interrogation of arrestees, and identification by vic- 
tims. Modus operandi techniques and weapon informa 
tion were used in only a very few cases. 


* The ‘‘named suspect”’ characteristic is quite complex, however, because of am- 
biguity in the source data. For example, the crime report may include a named 
suspect because (a) the suspect is actually known to the victim (or witness) ; or 
(b) the suspect was unknown to the victim, but was arrested and identified at 
the scene of the crime, either by a patrol officer or by a witness such as a retail 


Store security officer. Because the crime Teport was made after the arrest, the 
Suspect’s name appeared, However, this practice varies with different officers and 
different field situations. Thus, it is even possible to have on-scene arrests of 
known Suspects who are not named in the crime report. These ambiguities r 

main to be clarified in subsequent analyses. i iy 
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The study suggests considering two possible approaches 
to improving police effectiveness against the unnamed 
suspect. First, more intensive preliminary investigation 
at the crime scene might produce more leads for fruitful 
followup by detectives. Perhaps specially trained civilian 
investigative specialists who need not meet the physical 
requirements of a patrol officer could handle this job. 
Evaluation would be necessary to establish whether these 
would produce enough additional information to warrant 
the effort. Second, considerable detective resources are 
presently allocated to followup investigations in burglary 
cases. It is clear from the data, however, that the most 
effective weapon against the burglar is the on-scene arrest. 
The detective followup resources might be more effec- 
tively used in the field, such as in tactical detective squads 
or in stake-outs in heavy burglary areas. The relative 
effectiveness of these uses is also problematic, so such a 
reallocation should be carefully assessed in a controlled 
experiment. 


RESPONSE TIME 


The overall response time from call for service to ar- 
rival at the scene consists of two major components: 
Communications center response time (the time required 
in the communications center from receipt of a telephone 
call to transmission of a dispatching message) and field 
response time (the time between receipt of the dispatch 
message by the patrol unit and arrival at the scene). 

Within the LAPD communications center, dispatch 
messages are divided into two general categories: emer- 
gency and nonemergency. There is an intermediate 
category of “nonemergency but urgent” messages which 
sends a patrol officer to the scene as rapidly as possible, 
but not using his red light and siren. 

From table 1, for emergency calls, the overall police 
response time is seen to average 6.3 minutes for those 
cases involving crimes subsequently not cleared. The 
average is only 4.1 minutes for cases in which the police 
were able to make an arrest. A similar situation holds 
for the calls classified as nonemergency. Thus, for this 
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city, and on the basis of this data, short response time 
correlates with ability to make an arrest. 


Table 1.—Relation Between Response Time and 
Arrests 


Average response time in minutes 
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1 Very small sample. : 
2 Reflects high proportion of calls merely to take a report on completed crimes. 


A similar picture is presented in figure 5, which shows 
the arrest probability as a function of response time. 
When response time was | minute, 62 percent of the cases 
ended in arrest. When all cases with response time under 
14 minutes were grouped together, only 44 percent led 
to arrest. 

To this point, arrest probability has only been shown 
to be correlated with response time. As in any correla- 
tion, the relationship may be one of cause and effect, or 
it may have developed through some uncontrolled third 
factor to which both arrest and response time are related. 
It is possible, for example, that the police force responded 
more rapidly to those incidents in which arrest was rec- 
ognized to be more probable. More carefully controlled 
tests than were possible in the time available are needed 
to establish a cause-and-effect relationship definitively. 


CRITERIA FOR EMERGENCY DISPATCHING 


Another factor which appears to affect patrol opera- 
tions significantly is the method for deciding whether a 
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PERCENT OF ARRESTS IN RELATION TO 
OVERALL RESPONSE TIME 


FIGURE 5. 
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PERCENT ARRESTS (cumulative ) 


Number of arrests 
Number of cases with response time less than t 
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call should be handled as an emergency. Of the 724 
emergency calls shown in table 2, 179 (or 25 percent) 
proved to be crimes,’ and 63 of these (or 35 percent) 
were cleared. On the other hand, 3,378 nonemergency 
calls were handled with no indication of urgency. Of 
these, 1,368 (or 40 percent) involved crimes, of which 
only 230 (or 17 percent) were cleared ; most of these calls 
were requests to make a report on a completed crime. 
Of the 1,138 nonemergency uncleared crime calls, 112 
(or 10 percent) actually involved “suspect on scene” or 
“possible crime” situations which later proved to be 


Table 2.—Results of Radio Calls 


euteepeney Nonemer- | Nonemer-| Total 
calls gency but gency calls 
urgent calls calls 

RAC CMI ISeen a= ooo ee en 724 274 3, 378 4, 376 
Percent of total calls_.........._._.__- 17 6 77 100 
Radio calls with crimes reported________- 179 67 1, 368 1,614 
Percent of radio calls_._....__________ 25 24 40 37 
Uncleared crimes____._____..___.__- 116 38 1, 138 1, 292 
Percent of crimes. _.._...._..--.- 65 57 83 80 
1h UE re 53 23 151 227 
Percent of crimes__.___________-- 30 34 11 14 
Othter'clearances...--....-<--....-.< 10 6 79 95 
Percent of crimes___...-.-.-.-__- 5 9 6 6 


crimes. These 112 cases equal almost two-thirds the 
number of emergency-call crimes, and nearly twice the 
number of emergency calls in which crimes were cleared. 
Among these 112 cases are a significant number of bur- 
glaries and robberies. Even one homicide was listed. 
At least 50 of these cases would have been handled as 
emergencies had the dispatcher known the actual situa- 
tion at the scene. © tcek 

This strongly suggests that some improvement in crime 
prevention and clearance could be expected from modify- 
ing the criteria for assigning priority to dispatch orders 
or from providing better information to the dispatcher. 
A specific research program should be undertaken to 
evaluate and design new procedures. This program 
would evaluate the present priority assignment criteria 
through a detailed examination of incoming calls for 
service and associated field response. An audit of the 
results of responses to calls could guide improvement of 
the criteria, and these could then be reevaluated through 
the same methods employed in the initial evaluation. 


FURTHER STUDIES 


This apprehension study is only one of many possibil- 
ities. The entire Los Angeles study was only preliminary 
and exploratory. Its results, however, suggest that sig- 
nificant improvements can be made in the early stages 
of the apprehension process. Similar studies running 
over several years should be undertaken in large metro- 
politan police departments to explore the detailed char- 
acteristics of crimes, arrests, and field investigation 
practices. 

Among the matters to be studied, as shown by the Los 
Angeles study, are: 


Assessing in more detail the effects of response time 
on arrests. 


Estimating the probability of clearing a crime as a 
function of type and quantity of detective resources 
assigned to it. 


Establishing criteria for priority of dispatching of 
patrol cars. 


Sampling incoming calls and following them through 
to activities in the field. 


Using equipment such as portable recording devices 
to simplify data collection by the investigating officer. 


This kind of factual study could also be extremely valu- 
able in determining the effects on later stages in the crim- 
inal process of the questioning of suspects, warning them 
as to their rights, and introducing counsel into the situa- 
tion. 


SYSTEMS ANALYSIS OF RESPONSE TIME IN A 
HYPOTHETICAL CITY 


On the basis of the correlation between response time 
and arrests, and because officials desire rapid response to 


7 Many of the emergency calls were false burglar alarms. 


create an impression of effective police presence as well 
as to aid in apprehension, the Task Force examined means 
of reducing response time. In particular, an analysis was 
conducted to determine how to get the greatest reduction 
In response time per dollar of cost. This analysis was 
accomplished by making a mathematical model of the 
apprehension process in a hypothetical city. Although 
the numerical values used in this example are based on 
averages from several large cities, they typify a generalized 
major city in the United States. Any specific police de- 
partment would have to develop and use data developed 
for its own city. 

The hypothetical city covers 100 square miles and has 
a police force, telephone system, and other variables 
shown in table 3. A city this size would have a popula- 
tion of about 500,000 and be comparable in population 
density to Atlanta or Indianapolis. 

In the analysis, time delays in the apprehension process 
were related to system resources (table 4), and costs were 
associated with each resource. ‘The analysis computes 
the time reduction and costs associated with various means 
of reducing response time. The improvements were 
measured in average number of seconds of delay saved 
per dollar of additional annual cost. 


Table 3.—Description of Hypothetical City 


Item Details 


Geography. 222. 203222225 5.32 The city is a 10- by 10-mile square. 


Rate of call receipt 1______-_-___-- 40 calls per hour or approximately 350,000 calls per 
year are handled by the police telephone complaint 


clerks. 


Rate of police mobile unit dispatch_| 30 one-man mobile units are dispatched per hour. 


Total mobile force ?____-.-------- 40 one-man patrol cars. 


25 m.p.h. 


Speed of mobile force_.___------- 


Public telephone distribution_ -__ -__ 1,000 distributed uniformly throughout city. 


Galliservicetime:_22--22-2-- =.= 30 minutes average 


Number of call complaint clerks___-| 2 or 3. 


1 This might be typical for a city of about 500,000 population. ; ; 
2 Considers only mobile units assigned to patrol functions independent of special detective 
forces and supervisory vehicles. 
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Table 4—Resources Associated With Time Delays 
in the Apprehension Process 


Components of response time Resources 


Time until detection. _...--------- Police patrol unit sensors, alarms, public's response. 


Police callboxes, police radio network, common car- 
rier telephone, automatic alarm and associated 
communications. 


Time from detection until attempt 
is made to transmit message to 
police. 


Incoming message queue waiting Telephone operators. 


time. 


Control center response time_____- Police control center internal operations. 


Field force response time-_____---- Patrol unit, car-location devices. 


The results of the analysis are summarized in table 5. 
In the first column the delays caused by each activity are 
identified. For example, the patrol mobility delay is the 
time from the termination of the dispatch order to arrival 
at the scene of the crime. The basic operating unit asso- 
ciated with this activity is a one-man patrol car (col. 2). 
There are 40 such units already in use (col. 3). The 
amount of this delay is 216 seconds (col. 4). If one ad- 
ditional unit were added the average response time would 
decrease by 4 seconds (col. 5). The patrol units are ex- 
pected to be used 264,000 times a year (col. 6ie> The 
cost of an additional unit is $50,000 per year (col. 7). 
Multiplying the delay saved per call per additional unit 
(col. 5) by the frequency of use (col. 6) and dividing 
by the cost of the additional unit (col. 7), one obtains 
21.1 secands saved per dollar (col. 8). 

Employing this technique, one can evaluate the changes 
in other components such as the complaint clerk, public 
callbox, automatic car locator, and computer and collat- 
eral equipment for the communications center. For this 
case, automating the command center is the most attrac- 
tive alternative. If there are only two complaint clerks, 
adding a third is the next most desirable step. Even 
though the telephone queue waiting time with two clerks 
is only 7.2 seconds the value in assigning a third complaint 
clerk is comparatively large. The low cost of the clerk 
and the high frequency with which he becomes involved 
in calls justifies such a move. As is shown in table 5, 
adding a fourth would not be desirable. 


Table 5.—Cost-Effectiveness Analysis of Delay Reduction in Hypothetical City 


; Seconds of Seconds of 
: Number of Delay time delay saved | Frequency of | Cost per year | delay saved 
Elements of delay Basic unit units currently | (seconds) percall per |use (calls/year)| of additional per dollar 
allocated additional unit unit allocated 
installed 
() (2) (3) (4) (5) (6) q7) (8) 
= ———— ES ——E—— EE SS 
Public access delay_-------------------- Public callbox____--------------------- 1,000 96 0.0475 10, 000 $50 9.5 
ilvaite enh lei Ia ee ee ee eS [tan eee ee ee ee 
Sete e : - 2 Wwe 7.1 0 
Telephone queue waiting time___--------- Gomplainticlanksesc2- == aon ee { 3 042 ty 350) ed 35.008 ni. a 
ee et gage ML | Mang ape ead | | ee aid 
Delay due to lack of command and control | Computer and related hardware for com- 0 120 90 264, 000 200, 000 119 
function automation. mand and control center. 
_ ee a | 
Delay due to lack of knowledge of exact | Automatic car locator system__-.-------- 0 20 18 264, 000 100, 000 47.5 
position of patrol unit. 
BP sani selehitiiahe Da Se One mT ee, ee 
Patrol mobility delay. _----.------------- 1-man patrol car_--------------------- 40 216 t 264, 000 50, 000 21.1 


8 The details of the analysis are in a separate paper, “Analyses of the Police 
Apprehension Process,” now in preparation. The report will be available from 


the Clearinghouse for Federal Scientific and Technical Information of the Na- 
tional Bureau of Standards. 
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The third most significant contribution lies in the in- 
stallation of an automatic car-locator system. For the 
city described, an average of 18 seconds delay can be 
directly attributed to choosing an available car other than 
the one closest to the disturbance. Even though a small 
portion of the overall delay time is reduced, the marginal 
returns are relatively high. 

Among the conclusions about the hypothetical city 
that may be drawn from detailed analysis of the sort 
illustrated are: 


The police command and control center ap- 
pears to be the best place to invest dollars to 
decrease response time. 


Automatic car-locator systems costing under 
$100,000 per year to operate would decrease the 
system delay at least twice as much as a compar- 
able investment in additional patrol units. 


Since telephone waiting time is very sensitive to 
load, an additional complaint clerk would be 
warranted in many situations where the clerks 
are now busy. Police departments should peri- 
odically perform a telephone-traffic study of 
their incoming calls ta determine the correct 
number of telephone complaint-clerks for as- 
signment at any given time. 


Since the hypothetical city already has public 
callboxes, the incremental value of additional 
ones would be low. Cities with locked call- 
boxes should open them and encourage the 
public to use them. 


These results apply directly only to the hypothetical 
city described previously. The analyses discussed here 
suggest similar ones that can and should be conducted in 
specific cities. 


IMPROVING APPREHENSION CAPABILITIES 


In this section, several specific components of the 
apprehension process—alarms, detection and surveillance 
devices, nonlethal weapons, vehicles, fingerprint identi- 
fication and crime laboratories—are discussed. 


DETECTION OF CRIMES 


The apprehension process is initiated by the detection 
of a crime by police on patrol, by a witness, by a victim, 
or else automatically by an alarm or surveillance device. 


Patrol Detection 


Police on “preventive patrol” cruise the streets to look 
for crimes in progress. Presumably, this activity prevents 
crime because it poses a threat of detection and immedi- 
ate apprehension, However, there is little evidence on 
how much crime is thereby prevented or on how much 
would be prevented with alternative patrol tactics. 


One can calculate the probability of detecting a crime 
as a function of the relevant variables: duration and 
visibility of the crime, the frequency with which it 
occurs, the cruising speed of the patrol vehicle, the frac- 
tion of time it spends on patrol, and the size of the beat it 
must cover. Making certain assumptions about the dura- 
tion of crime (2 minutes for a street robbery and 20 
minutes for a burglary) and that crime and patrol loca- 
tions are independent, one can calculate the detection 
chances. Using Los Angeles figures,® in a week the 
entire force happens upon at most 100 opportunities to 
detect burglaries in progress and 2 opportunities to detect 
street robberies in progress. These are high estimates, 
yet they represent only 12 percent of the burglaries and 
only 2 percent of the robberies known to the police. An 
individual patrol officer can expect an opportunity to 
detect a burglary no more often than once every 3 months 
and a robbery no more often than once every 14 years. 

The same analysis applied to stolen cars indicates that 
the entire force experiences approximately 100 oppor- 
tunities to detect stolen cars each day. There would, 
therefore, be considerable utility in mechanized auto- 
mobile license check devices, either in the patrol car or 
along the highway. Digital data links could tie a patrol 
car directly into the stolen-car file in a computer; the 
computer response could be available seconds later, dis- 
played on a strip printer in the car or as a voice message 
synthesized by the computer. The New York State 
Identification System has begun development of a device 
which could scan a car’s license plate and automatically 
convert the image into a message to be sent to an on-line 
computer with a file of wanted cars. The computer 
could then respond directly by radio to a waiting patrol 
car. In a test of these concepts in Operation Corral in 
New York City in 1964, 183,950 cars were checked, and 
une out of every 62 cars scanned was wanted on an alarm 
for stolen cars or plates or on a warrant as a scofflaw. 

There are many simple ways to increase the probability 
of detection of a crime. Liquor stores and service stations 
could provide an unobstructed view of the interior from 
the street. The visibility from the patrol car could be 
improved by full-view mirrors. Brighter and more prev- 
alent street lights could extend the patrolman’s vision, 
especially in large, normally dark areas such as schools 
and other targets of vandalism. 

Reducing the conspicuousness of police officers could 
possibly increase the probability of detecting criminal 
action because the offender is not aware of the police 
presence. In some cities, special forces travel in work 
clothes in unmarked cars. The Long Beach, Calif., Police 
Department sends two plainclothesmen on bicycles into 
high crime areas. According to the “New York 
Times:” 2 “No screaming sirens or flashing lights an- 
nounce them. They operate inconspicuously, silently, 
independently and with mobility up sidewalks, between 
buildings, or through parks.” In 1 year, the two police- 
men made arrests in eight strong-arm robberies, five 
armed _ robberies, eight burglaries. Street crimes were 
reported to have been reduced markedly supporting the 
general assumption that increasing the apprehension 


*Data from “‘Statistical Digest, 1965’; Los Angeles Police Department; Los 
Angeles, Calif., 1966. 


10*A Bicycle Patrol Cuts Crime,’’ New York Times, Oct. 25, 1966. 


probability tends to deter crime, or at least to displace it. 
On the other hand, were such inconspicuous methods to 
be used alone, they might, after some time result in some 
loss of the deterrence and public confidence that are 
achieved by conspicuous patrol. Again, this illustrates 
the need to examine the relationship between detection, 
apprehension, and deterrence with carefully controlled 
experimentation. 


Detection by Alarms and Surveillance Devices 


There is a rich store of devices which can aid detection. 
Burglar alarms are designed to detect intrusion auto- 
matically. Robbery alarms enable a victim of a robbery 
or an attack to signal for help. Such devices can be lo- 
cated in elevators, hallways, homes and apartments, busi- 
nesses and factories, and subways, as well as on the street 
in high-crime areas. Alarms could deter some potential 
criminals from attacking targets so protected. If alarms 
were prevalent and not visible, then they might serve to 
suppress crime generally, although there has been no 
empirical evidence on this point. In addition, of course, 
the alarms can summon the police when they are needed. 

All alarms must perform three functions: sensing or 
initiation of the signal, transmission of the signal, and 
annunciation of the alarm. A burglar alarm needs a 
sensor to detect human presence or activity in an unoc- 
cupied enclosed area like a building or a room. A rob- 
bery victim would initiate the alarm by closing a foot or 
wall switch, or by triggering a portable transmitter which 
would send the alarm signal to a remote receiver. The 
signal can sound locally as a loud noise to frighten away 
a criminal, or it can be sent silently by wire to a central 
point such as a police station or a private protection 
agency. A centralized annunciator requires either pri- 
vate lines from each alarmed point, or the transmission of 
some information on the location of the signal. 

There are many ways by which burglary sensors can de- 
tect human presence or activity. Certain environmental 
variables could be carefully stabilized so that any sudden 
change—breaking a beam like an “electric eye,” moving 
metal objects in the vicinity of a magnetometer, making 
a sharp noise, cutting a wire, stepping on a treadle—could 
be attributed to intrusion. Any change in the physical 
or chemical environment due to characteristically human 
effects—carbon dioxide, ammonia, body odors, body 
heat—could be detected chemically, electrically, or by 
animals such as dogs. Other sensors such as closed-cir- 
cuit TV (perhaps using circuitry for detecting moving 
targets) or microphones might survey an area, relying 
on an observer to analyze the signal for criminal activity. 
These would be more useful where there is normally some 
human traffic, and a more subtle discrimination between 
criminal and noncriminal traffic is needed. 

A victim could activate a robbery alarm by closing an 
electrical circuit by a pull lever, a push button, a toggle 
switch, or a pull-cord like the ones used in buses. Since 
a robber can prevent access to such a fixed switch, a po- 
tential victim could be given a portable transmitter which 
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he could unobtrusively trigger to send a magnetic, radio, 
or ultrasonic signal to a remote receiver nearby. The 
transmitter could be powered by a battery, by blowing, by 
squeezing, by a carbon-dioxide cartridge, by a spring, or 
by some other simple energy storage medium. Such a 
portable system would be particularly appropriate in 
places most susceptible to robbery like gas stations, banks, 
or liquor stores. 

In choosing one alarm system over another, cost, local 
noise characteristics, detection probability, rate of false 
alarms by accident or intent, penetration of signals 
through walls, visibility to a potential criminal, access- 
ibility to a victim, and many other factors specific to a 
local situation influence the choice. No one solution can 
meet the many diverse needs. Where such systems are 
installed their apprehension and deterrent effectiveness 
and their false-alarm rates should be assessed. 

The possibility of installing along the streets micro- 
phones sensitive only to a designated call such as “Help” 
or “Mayday” is sometimes discussed. The complexity 
and cost of such a system, compounded by the problem 
of false alarms, militate against its widespread use. 

The installation costs of public street alarm systems 
might not be unreasonable. Suppose that fixed alarm 
points were located 40 to the mile (at the cerners and mid- 
points of each city block) in a high-crime area. The 
maximum distance to the nearest alarm point would be 
about Y%oth of a mile. Walking this distance at 4 miles 
per hour would take 11 seconds. The time for a police 
car to reach the scene would probably be several minutes 
so that the walking delay would not consume a major por- 
tion of the time. If each fixed alarm cost $250, cover- 
ing a square mile of city would cost about $400,000 per 
square mile, plus approximately $800 per square mile per 
month for rental of wire lines. The cost could be re- 
duced by sharing the wire costs among alarms (and losing 
precision in locating the alarm), or by increasing the 
spacing between alarms. Doubling the distance (one at 
every intersection) would reduce the investment cost to 
about $100,000 per square mile. For those cities that 
have police callboxes a major cost of installation has 
already been incurred. 

A portable street alarm system, using a $1,200 receiver 
at each intersection, would cost about $480,000 per square 
mile, plus about $200 per square mile per month for wire 
rental connecting the receivers to a central station. The 
cost of the individual transmitters would be additional. 

If the city had some form of distributed receivers, such 
as in the callbox car-locator system discussed in the next 
chapter, then those receivers might be modified to respond 
also to pedestrians’ transmitters or to transmitters installed 
in taxicabs or automobiles. If the availability of such a 
system could induce a feeling of safety in high-crime areas, 
they might increase the pedestrian traffic there, which 
itself might be a deterrent. Just how much they would 
or could actually be used, how effective they are in appre- 
hension, how much they would deter crime, how crim- 
inals might frustrate their use, and what false alarm prob- 
lems they might entail are all unknown. Since these 
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factors are crucial in assessing the feasibility of such sys- 
tems, a test installation should be established in some high- 
crime area to assess some of these effects. 

False alarms are problems for any alarm system. In 
Washington, D.C., in 1965, 4,450 alarms were directed 
to the police: 98 percent of these were false. Since an- 
swering each false alarm takes an average of about 30 
minutes, these alarms consume about 2,100 car-hours each 
year, the equivalent of about one-quarter of a full-time 
patrol car. However, in those cases where the alarm is 
for an actual crime, the apprehension probability could 
be very high,"* so that the assignment of high priority 
service to all alarm soundings is probably an efficient allo- 
cation of resources. : 

New low-cost private alarm systems that can automati- 
cally send prerecorded messages directly to the police are 
being developed and may become widely installed. As a 
consequence, the police should expect a significant in- 
crease in the number of false alarms. To prevent this 
increase from seriously disrupting police operations, po- 
lice departments should establish minimum standards for 
direct-calling alarm installations. On-site inspection 
should be required to assure that the alarm itself is me- 
chanically and electrically reliable (usually not a serious 
problem) , that its installation is not subject to simple ac- 
cidental failure (as from a blowing wind), and that it is 
not subject to accidental triggering by the occupants. 
The false-alarm rate can be reduced by means such as 
using two different detection sensors, increasing the sen- 
sitivity of each, and requiring simultaneous triggering of 
both to establish an alarm. 


POLICE VEHICLES 


Once a crime is detected, the information concerning 
it is communicated to the police, the appropriate police 
response is selected, and orders are communicated to the 
patrol force. ‘Travel time in reaching the crime scene is 
the largest single component of police response time. 
While the patrol car will undoubtedly continue as the 
primary police vehicle, the more specialized roles of other 
kinds of vehicles need further exploration. Many cities 
are now using motor scooters or bicycles to give their foot 
patrolmen added mobility. At the other extreme, heli- 
copters offer a potential for demonstrating a police pres- 
ence, for searching a large patrol area and for responding 
rapidly (over 100 miles per hour) to an emergency call 
when the action is taking place in the streets, on rooftops, 
or on highways.'? Their potential has not yet been ade- 
quately explored. 

Despite the other possibilities, the conventional patrol 
car will continue to dominate the police scene. For the 
patrol officer, it serves as his office, means of locomotion 
and pursuit, observation post, and van for transporting 
prisoners. Most police cars are merely stock sedans, with 
a flashing light and radio installed, and perhaps with a 
modified engine. Since it costs about $100,000 per year 
to maintain a two-man car on continuous patrol,!* it 
would be surprising if the operation could not be appreci- 
ably improved by a capital investment of more than the 
current $3,000 per car. 


The Federal Government should sponsor a design com- 
petition and support the development of an experimental 
police car. It could incorporate a wide variety of prac- 
tical innovations, such as convenient radio controls, tele- 
typewriter, camera and equipment for collecting evi- 
dence, various nonlethal weapons, magnetometers for 
detecting the presence of concealed weapons, spotlights, 
mirrors and other viewing devices to improve visibility, 
and dictating equipment for filing of reports and record- 
ing confessions. Continual use of the radio and frequent 
necessity for written record-keeping suggest a rearrange- 
ment of the interior to facilitate these functions. Devel- 
opment of the new design should include human fac- 
tor considerations derived from a study of the patrol oper- 
ation. Such a car would provide a useful prototype for 
testing new equipment, and would stimulate police de- 
partments to reconsider how they might use their vehicles. 


NONLETHAL WEAPONS 1°2 


A patrol officer, in meeting the diverse criminal situa- 
tions he must face, has a limited range of weaponry— 
either the short-range nightstick or the potentially lethal 
handgun. He should have other possibilities to help him 
do his job while minimizing the danger of excessive in- 
jury or public antagonism. If an officer feels that his 
life is threatened, he may have ta shoot, with the attend- 
ant risk that suspects or bystanders may be killed. In 
many situations, however, he may not be in immediate 
mortal danger, but his nightstick may be inadequate, 
either because the target is out of range, there are too 
many people to handle, or it may inflict more severe 
injury than the situation warrants. Relevant situations 
involving one or a few officers include: 


Apprehending a fleeing suspect. 


Apprehending an individual in a closed build- 
ing. 


Subduing a belligerent person under the influ- 
ence of alcohol. 


Restraining a psychotic intent upon attacking 
bystanders or upon self-destruction. 


A larger group of officers may be confronted with a 
number of people who must be controlled, channelized, 
or dispersed, as in the case of public riots, prison riots 
and gang rumbles. If a suitable range of graduated alter- 
natives were available, and if there is time for weapon 
selection, then officers could use the weapons most ap- 
propriate to the situation. 

For a nonlethal weapon to be an acceptable replace- 
ment for a handgun, it must incapacitate its victim at 
least as fast asa gun. Even then there might be opposi- 
tion to it. A criminal knowing that he cannot be killed 
might act more aggresively than he would facing a gun. 
The qualities that must be sought in a general purpose 
nonlethal weapon are almost immediate incapacitation 
and little risk of permanent injury to the individual who 
is the target. It must also meet size, weight, and other 


11 In the Los Angeles apprehension study, there were 24 actual burglaries reported 
by alarms. Seven arrests were made by the responding patrol. This clearance rate 
is twice as high as for the other burglaries in the sample. 

12 The Los Angeles County Sheriff's Office, with the support of the Office of Law 
Enforcement Assistance, is now evaluating the patrol effectiveness of helicopters. 

18 Considering vacations, sick time, etc., it takes about 10 patrolman-years to 


maintain a 2-man car on continuous patrol. 
head, costs in the order of $10,000. 
" This material is covered more completely i = 
L y in a report, ‘Nonlethal 
for Use by United States Law Enforcement Officers,’’ now in easter a 
report will be available from the Clearinghouse for Federal Scientific and. Tech 
nical Information of the National Bureau of Standards, ce 


One patrolman-year, including over- 


operational standards. Survey of a wide range of possi- 
bilities leads to the conclusion that these requirements 
cannot be met by current technology. For example, 
darts have been used to inject tranquilizing drugs into 
animals. However, the drugs presently available offer 
too great a risk because of the close correspondence 
between the dose required to incapacitate quickly and a 
lethal dose. No nonlethal weapon is presently available 
that could serve as a replacement for the handgun, but 
a continuing effort to achieve such a weapon should be 
pursued. In this connection the products of military 
research should be continually examined for possible 
applicability. 

When a nonlethal weapon is considered as a supple- 
ment to, rather than replacement for, the policeman’s 
gun, the requirements for immediate incapacitation can 
be relaxed. Supplemental nonlethal weapons, such as 
dispensers of tear gas or CS gas or liquid solutions, might 
be used temporarily to disrupt or immobilize targets in 
circumstances in which an officer’s life was not threatened. 

A number of nonlethal weapon possibilities are listed 
in table 6 together with their intended physical effects 
(the effects which can be expected to follow from their 
proper use under anticipated conditions) and their po- 
tential physical hazards (more serious effects which might 
result from improper use or from proper use under unan- 
ticipated conditions). The list is presented to indicate 
the range of possibilities that have been proposed by var- 
ious people, and not to indicate that all or even most are 
desirable for use in any particular situation. For most 
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of these devices, for instance, there is no evidence to 
determine whether the intended physical effects, even 
when achieved, result in a desired behavioral response. 

With few exceptions, all techniques must be recognized 
as presenting at least some secondary, if not primary, 
risks to health and safety. In addition, some of the tech- 
niques without major risks, such as the electric prod, can 
be personally degrading, and even their use in noncrim- 
inal situations must be carefully considered. Others, 
such as dogs, may have become sufficiently inflammatory 
symbols in certain mob situations as to warrant careful 
consideration of their use despite their general effective- 
ness. 

Some of the ejector weapons listed in table 6 can be 
employed with any of a number of different encapsulated 
solid, liquid or gaseous nonlethal agents. The effects 
and hazards of such weapons (such as dart guns) depends 
on the specific agent used rather than the weapon itself. 
A few such agents are listed in table 7 together with their 
intended physical effects and potential physical hazards. 

Tables 6 and 7 include devices and materials that are 
not properly “weapons” in the narrow sense, but which 
may be useful for marking people or vehicles (dyes, 
odorants) for later identification and apprehension, 

As is evident from tables 6 and 7, a broad spectrum of 
different effects can be achieved. Certain difficulties are 
encountered, however, when a weapon is sought which 
will achieve its intended effects within a couple of seconds 
or with minimal potential hazards. For example, onset 
time of injected agents depends upon transit time through 


Table 6.—Some Possible Nonlethal Weapons 


Nonlethal weapon 


Intended physical effects 


Potential physical hazards 


Baton oo: Set aires See Partial immobilization and injury_---------- 
DO GSB fae ee oe 8 Bat See ee Partial immobilization____-__-------------- 
Water NOs@22 ae228.5 220s snene 22*- 8. Seas Knocking victim down____----------------- 


Electric prods: 28-252 seh Shock inducing desired movement. ___---_-- 
Disruption of vision. .....-...------------- 
Extreme olfactory discomfort inducing departure from area_________ 
Trauma from impact__.------------------- 
Incapacitating agent injected______________ 


Wortexic'smoke=.-- 250, 3. a- 
Stenchiibombsao se - tea ee cee eet ous 2-8 
Particle projector (e.g., shotgun). ------------ 
Injectordart ginsse--2--2222------2~-—5---= 


ea bold ejector (e.g., pistol, baton)_-.----.---- 
Splatter dart gun 
Gas dispensel = =e2ee- seeks anes eo 


Immediate partial incapacitation_-_.--____- 


Permanent injury or death. 
Excessive injury. 
Lacerations. 

Injury resulting from fall. 


Minor. 


Eee At. Pivenegae hes Serious or lethal wounds. 
oe gs re es Wounds, death or serious illness due to overdose; impact on sensi- 


tive or vital area; infection. 


Incapacitating agent applied externally to eyes or respiratory system__| Depends on toxicity of agent. 
_| Liquid incapacitating agent applied externally 
_| Incapacitating agent inspired____------__-- 
Gasidant gins ses cas ene t nas see Gaseous incapacitating agent inspired______- 


Depends on toxicity of agent. 
Depends on toxicity of agent. 
Depends on toxicity of agent. 


Table 7—Some Possible Agents for Nonlethal Weapons 


Nonlethal agent Means of delivery 


Physical effects intended 


Potential physical hazards 


CN (tear gas) (a chloraceto- Gun or bomb-_-__---------- Induces tearing (disrupting vision), itching of skin within seconds_| Minor. 
henone). : 
Deere eee ener Liguid/electoy...----.----- Sameds ON ear BAS) c= eee oat neck Coe tanoeeeeaant Minor. 
on a ea ae or bomb Leeb gent ues - Induces within 20-60 seconds tearing, pean coughing, respira- | Eye damage if rubbed when under effect of CS; 
pee eee es pat distress, stinging on moist skin (e.g., lips), sinus irritation nausea and vomiting if CS injested. 
(effects on vision er for about 10 minutes). 7 
nia ee se Injector dart......-------- BOR C Co aya a a a erious illness due to overdose (since dosage de- 
De cae : a Satis te niles Ter | pends on bod weight, ete.) . 
ic Aci i ae ee 0 ee Induces extreme pain within seconds followed by analgesia for | Serious illness due to overdose. 
i a (e.g., formic, lactic, eaamie | 
Gaara rites ee re Splatter dart.-..---------- Marked for later identification.....----.-..-----.-------------- Minor. 
nies ae Splatter dart or spray. .---.|-----d0_....----..------------------------------------------| Minor. 
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the bloodstream, which is much slower than transmission 
through the nervous system. Injected agents would 
usually be deposited immediately under the skin or in 
the muscle. (The possibility of direct depositing in a 
vein or artery is remote.) Thus, the time for absorption 
and distribution of the agent could be expected to be on 
the order of 15 minutes or more. 

Some agents are potentially hazardous because the 
minimum strength required to incapacitate a_ large, 
healthy man may exceed the danger threshold for others 
such as women, children, older people, and people in 
marginal health. In order to minimize this problem, it 
is necessary to search for agents for which the ratio of 
hazardous to effective dose is sufficiently high to assure 
safety. Another complication is that the safety factor 
is generally decreased as the chemical agent is modified 
so as to speed up the onset of its effects. Thus, while no 
adequate agents are available today, the results of mili- 
tary research should be carefully followed, both to identify 
potentially useful agents and to assess their effects. 

Selecting weapons for further development or procure- 
ment requires adequate information on their operational 
effectiveness and hazards. The data must include the 
effects on the intended targets, the effect in influencing 
behavior under different circumstances, and the general 
reaction of the public to use of the technique. The evalu- 
ation must include both situations in which the weapons 
were used effectively and ones in which they failed in 
their purpose. There should be centralized reporting of 
the direct effects, desirable and undesirable side effects, 
and the behavioral response of the specific targets and the 
general public. This is especially important in situations 
when weapons are used to control crowds. An inde- 
pendent organization should be assigned the responsibility 
of collecting, collating, and disseminating analyses of such 
reports. 

When additional weapons are distributed to a police 
force, guidelines controlling their use should be carefully 
established. These reviews are particularly necessary, 
since the introduction of less harmful weapons makes 
their use in marginal situations more likely. The guid- 
ance of all responsible segments of the community should 
be sought in establishing the guidelines. With the rapid 
expansion of the range of nonlethal weapon possibilities, 
these issues must be constantly reviewed with respect to 
both old and new weapons. 


IDENTIFICATION 


Evidence found at and near the scene of the crime must 
be collected and analyzed to solve crimes for which no 
suspect is identified. Witnesses can describe the crimi- 
nal’s appearance, the modus operandi can be inferred, 
and physical evidence such as latent fingerprints, blood, 
articles of clothing, bullets, and tool marks, can be col- 
lected and matched to suspects and their possessions. 
This information search organizes the evidence to elimi- 
nate the maximum number of people from the class of 
possible suspects. 


Fingerprint Identification 


Effective police work uses fingerprint identification 
both to apprehend those who leave “latent” prints at the 
scene of a crime and to identify positively persons held 
in custody. 

Positive identification of persons already held makes 
use of files set up according to a 10-print classification 
system, since all 10 prints can be obtained from such 
persons. Manual techniques of 10-print classification 
and search have been used for more than 50 years. The 
major limitation in their use is the time it takes to search 
the files due to the large number of prints in modern 
files—the FBI file now contains over 16 million sets of 
different criminal prints plus about 62 million different 
civil service and military prints. The classification and 
search problem is compounded by the large volume of 
prints which must be processed—each day the FBI re- 
ceives about 30,000 sets for processing, of which approxi- 
mately 10,000 are based on arrest. Advances are needed 
to increase the workload capacity and to reduce the costs 
and time delays of the fingerprint classification and search 
processes. 

In order to search the regular fingerprint files using 
the classification formula now in use, a full set of 10 
fingerprints is needed. When a criminal inadvertently 
leaves fingerprints at a crime, only one or a few finger- 
prints are usually available to law enforcement officers. 
Once a suspect has been taken into custody, his finger- 
prints can be compared with even a single print recovered 
from the scene of the crime. By the same token, a single 
print can be matched against complete prints of a short 
list of likely suspects. But the process is now entirely 
manual and so time-consuming that it cannot be used to 
check less than a full set of prints against a national file 
or even a substantial local file of previous offenders. As 
a result, single print files tend to be very small, generally 
containing only a few thousand prints (compared to mil- 
lions in the larger 10-print files) and are very infrequently 
used.** Most large police departments maintain a spe- 
cially organized file of single fingerprints of several thou- 
sand persistent criminals. Probably more than 100 dif- 
ferent manual systems are in use today for searching files 
of single fingerprints of persons who have been judged 
likely to violate the law persistently. Comparison of their 
relative performance might provide a valuable guide in 
developing future systems. 

Computer technology can significantly enhance finger- 
print processing. However, the problem of reading from 
fingerprint cards or films using present-day techniques 
and then categorizing the fingerprints completely auto- 
matically exceeds present technology. Pattern recognition 
has been a difficult field and the type of pattern recogni- 
tion called for in processing fingerprint data is particularly 
difficult. The problem is made even more difficult by the 
smudges and missing ridges on inked prints. While com- 
puters are expected to be of significant assistance in locat- 
ing key points, making measurements, assigning descrip- 


tors, and comparing new prints against a stored file, it 


4 The New York City Police Department has a sizable latent print file. They 
report an 8 percent success rate on searches of that file; this is about an order 
of magnitude higher than most other agencies’ reports. 


does not appear feasible at this time to make the system 
completely automatic. 

It appears that an initial system should be semiauto- 
matic—a trained operator working in conjunction with 
electronic scanners and computers. Trained technicians 
would be used to scan the prints either in their present 
form or by means of some pictorial display and to classify 
the gross patterns, probably to locate such critical points 
in a print as the core and delta, and perhaps to identify 
and locate such minutiae as ridge endings and bifurca- 
tions. These approaches are discussed in appendix C. 

Latent-print identification is more difficult than 10- 
print identification because of the smaller amount of 
information available in less than a full set of prints. 
The New York State Identification and Intelligence Sys- 
tem reports that, given two fingerprints both from the 
right hand, one of the index finger with an ulnar loop 
and a ridge count of 9, and the other of the right middle 
finger with an ulnar loop and a ridge count of 12, 45,000 
candidate prints (4.5 percent) would be selected from 
a file of 1 million 10-print cards. If only the right middle 
finger was obtained, 370,000 prints (37 percent) would 
be selected from the file. Clearly, such gross classification 
is inadequate for even a 10-print search. The informa- 
tion for single print search is available in a fingerprint. 
It is necessary to develop classification schemes that use it. 

It is difficult today to measure accurately the benefits 
of a latent search capability. If most burglaries were per- 
formed by juveniles whose fingerprints are not on file, 
or if an effective system led most burglars to wear gloves, 
then its benefits would be minimal. On the other hand, 
if it could contribute to raising the very low clearance 
rate of burglars not caught in the act, then it might have 
a significant deterrent effect on this most common Index 
crime. A utility study in one or two police departments 
is needed to assess how many more arrests might be made 
with a latent fingerprint capability. 

Some preliminary indications of the utility were pro- 
vided by the Los Angeles apprehension data (appendix 
B). A “technical specialist”, usually a fingerprint tech- 
nician, was requested to visit the scene of the crime in 
more than 40 percent of the 626 burglaries in the study 
sample. Each request was made because a patrol officer 
suspected the presence of fingerprints. No information 
was recorded on whether the specialist actually arrived 
at the scene; in fact, there is some reason to believe that 
due to lack of staff, the requested specialist often did not 
arrive. Yet, of the 269 cases in which the technical spe- 
cialist was contacted, 28 cases actually produced finger- 
print evidence. This is equivalent to about 5 percent 
of all burglaries in Los Angeles, or at least 2,500 cases 
per year where fingerprint evidence would be expected. 

These indications suggest the value of undertaking the 
basic work to improve the efficiency of 10-print classi- 
fication and to make latent-print identification feasible. 
Information is needed on the statistical distribution of 
fingerprints according to the various criteria now being 
considered. The study should investigate the distribu- 
tion within categories (for instance, the variations in 
ridge counts from core to delta for ulnar loops or the fre- 
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quency characteristics of the two-dimensional Fourier 
transform of the print) and ultimately should establish 
a search procedure based on the data gathered. Since 
actual statistics will be required on fingerprint charac- 
teristics in order to evaluate classification techniques, a 
small model of an actual system should be put into oper- 
ation in order to obtain the necessary data. 

The studies should be coordinated among the State and 
Federal agencies involved. Although the emphasis may 
be different—the FBI is concerned with efficient proces- 
sing in its large identification file, while States and cities 
may be more concerned with improving latent-print 
matching—efforts in the two directions may complement 
each other. The New York State Identification and In- 
telligence System has already initiated work in this area, 
the FBI has collected proposals from industry, and several 
companies have invested modest amounts of money in 
research efforts. The present level of support is almost 
certainly below a critical threshold, so additional govern- 
ment support should be committed. 


Personal Identification by Physical Features 


Techniques for arriving at standardized classifications 
of physical characteristics other than fingerprints have 
long been used in police work. 

Perpetrators of a crime are often described by witnesses 
or victims in terms of salient facial features. The Bertil- 
lon System which preceded the widespread use of finger- 
prints was based on body measurements. Recently there 
have been developments in the quantification of classifica- 
tion and comparison procedures for facial characteristics. 
Devices 7° are now available which enable a trained op- 
erator, with the aid of a witness, to form a composite pic- 
ture of a suspect’s face and to translate that composite 
into anumerical code. Testing is needed to ascertain the 
reliability of each of these techniques. For those which 
are reliable, further developments are possible, using com- 
puters to develop efficient sequences of questions to wit- 
nesses to converge quickly to the proper description. 

Recent studies of voice analysis and synthesis, originally 
motivated by problems of efficient telephone transmis- 
sion, have led to the development of the audio-frequency 
profile or “voice print.” Each voice print may be suf- 
ficiently unique to permit developing a unique classifica- 
tion system and perhaps even to make positive identifica- 
tion of the source of a voice print. This method of 
identification, using an expert to identify the voice pat- 
terns has been introduced in more than 40 cases by 15 
different police departments. As with all identification 
systems that rely on experts to perform the identification, 
controlled laboratory tests are needed to establish with 
care the relative frequency of errors of omission and com- 
mission by the experts. 


Analysis of Physical Evidence in Crime Laboratories 


The crime laboratory has been the oldest and strongest 
link between science and technology and criminal justice. 


15 MIMIC, Identi-Kit, New York City’s Image Maker. 
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Because of this tradition, and because the best labora- 
tories, such as the FBI’s, are well advanced, the Science 
and Technology Task Force did not devote major atten- 
tion to criminalistics. There are some excellent labora- 
tories in key locations around the country. However, the 
great majority of police department laboratories have only 
minimal equipment and lack highly skilled personnel. 

Traditional efforts of crime laboratory specialists have 
been directed toward the identification of materials found 
at the crime scene. Many instruments have been con- 
structed which enable specialists to determine the chemi- 
cal structure of various substances. Particularly impor- 
tant are analyses of drugs, paints, fibers, oils, and human 
hair and blood. In the classification and comparison 
process, it is not necessary to know the exact chemical 
composition of the material, but only how it compares to a 
known standard, such as a known drug, or another part of 
the same object, such as a paint chip. When it is neces- 
sary to know of the presence of a particular chemical ele- 
ment, often it is the minor or trace elements which are of 
interest, not the major elements. 

The instrumentation industry is constantly devising new 
ways to measure smaller samples with greater precision. 
Unfortunately, the high cost of many of these instruments 
and their demand for skilled operators impede wider use 
in law enforcement. To bring these advances more di- 
rectly into police operations, improvement in crime labora- 
tories must proceed in two directions: 


L] Establishment of regional laboratories to serve the 
combined needs of police departments in metro- 
politan areas. 


(] Expansion of research activities in major existing 
and new laboratories. 


The need for the regional laboratories follows naturally 
from the increasingly expensive facilities and the increas- 
ing demand for individuals of superior technical compe- 
tence. The research is needed to speed the application 
of new instrumentation possibilities. A national labora- 
tory specifically devoted to research on criminalistics 
might handle the following complex of functions: 


[) Maintain close contact with the general science 
and engineering community so as to become 
aware of new devices and techniques to expe- 
dite their introduction into the operations of 
crime laboratories. 


©) Understand the instrumentation needs of crime 
laboratories and stimulate the industry to de- 
velop new instruments to meet their needs. 


C) Conduct its own research, experimentation, and 
development of techniques and apparatus. 


(1) Develop a data base for the identification of 
common crime-related materials by various 
techniques. 


(1) Disseminate the results of its work. 


0 Handle cases for local agencies which require 
specialized equipment and high technical com- 
petence to carry out the required analyses. 


Because of the wide range of technology involved in 
criminalistics, and the many opportunities for advanced 
applications, a broad study directed at identifying the 
most fruitful of these opportunities should be undertaken. 


ALLOCATING PATROL FORCES BY EFFECTIVE- 
NESS IN DETERRING CRIME 


Basic to the police apprehension system is the over- 
riding problem of the allocation of manpower and equip- 
ment in such a manner as to achieve most effectively the 
department’s main objectives of prevention, detection, 
and apprehension. The importance and magnitude of 
the problem is evident not only in crime statistics, but in 
the fact that, nationwide, the patrol function costs ap- 
proximately $800 million. Manpower allocation pro- 
cedures which might increase patrol effectiveness by, say, 
5 percent, could reflect a possible savings of about $40 
million. 

All police departments have the problem of allocating 
patrol forces—how many men to assign to each shift and 
to each precinct. Related problems amenable to analysis 
include selecting the size of patrol beats as a function of 
amount of crime and other demands on the police; 
optimizing search patrol patterns; and shifting units hour- 
by-hour into the sections of the city where and when the 
crime is most likely to occur. These and other patrol- 
related problems can be analyzed in depth using statistical 
analysis, mathematical programing, and other operations 
research techniques. There must be a close tie between 
analysis and controlled field experimentation to test the 
results of the analyses. 

In allocating patrol forces most departments assign 
men equally to all shifts, which simplifies scheduling but 
reflects less than the most efficient use of manpower. The 
Los Angeles Police Department has a more sophisticated 
procedure for assigning men to patrol divisions. They 
use a formula which weights the previous year’s crimes, 
radio calls, population, etc., for each division, and they 
then assign the patrol force proportionately to the divi- 
sion’s weighted score. 

For example, if there were 1,000 crimes in Precinct A 
and 600 crimes in Precinct B, this procedure might sug- 
gest transferring officers from Precinct B to Precinct A. 
But the conditions in Precinct B might be more conducive 
to deterring crime. If an additional officer in Precinct 
B could suppress 50 crimes whereas one in Precinct A 
could suppress only 10 crimes, then it would be desirable 
to transfer an officer from A to B. 

_ Estimating this relative effectiveness of a police officer 
is, of course, extremely difficult, since the number of as- 
signed officers is only one of many factors influencing the 
crime rate. It is, however, important to develop such an 
estimate to make efficient use of the police force. Statis- 
tical techniques, such as regression analysis, can be used 


16 “Patrol Administration” by G. D. Gourley and A. D. Bristow: C. C. Thomas; 
Springfield, Ill., 1966. 


to develop such estimates. Even though the final deter- 
mination of the effect of an officer on crime must come 
from controlled experiments in the field, the experiments 
should be preceded by preliminary analysis so that the 
experiments can be more productive of both information 
and crime reduction. 
_ An inherent difficulty in most statistical analysis is its 
inability to distinguish between cause and effect. For 
example, in many police precincts, additional officers are 
assigned as crime increases. Because the additional 
crime causes additional manpower allocations, the two 
may appear positively correlated. But this certainly does 
not permit the blind conclusion that the additional 
police cause the additional crime. Thus, any results 
must be used with caution, checking the predictions 
against actual observations before acting on the results. 
The Task Force undertook a preliminary analysis based 
on limited data contained in the “Statistical Digests” of 
the Los Angeles Police Department from 1955 to 1965. 
The statistical technique of regression analysis was used 
to relate the number of reported serious crimes in each of 
the department’s divisions to the number of patrol 
officers assigned to the division.17 In this analysis, an 
attempt was made to factor out effects due to changes 
in the population and simple time trends resulting from 
changing characteristics of the population, thus separat- 
ing them from the effect of the number of patrol officers 
assigned. This model could be improved by adding such 
variables as median education level of the inhabitants 
and median income, and by replacing total population 
with population by age groups, when data become 
available. 
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Even with this limited eftort and the limited data 
available, in 4 of 11 divisions most of the changes in the 
numbers of crimes could be accounted for by the model. 
In the four divisions, the manpower allocation for 1963 
was examined and a study made to determine if a differ- 
ent allocation of police assigned to these four divisions 
might have resulted in an overall decrease in reported 
Part I** crimes. In 1963, there were 824 police officers 
assigned to the 4 patrol divisions. The approach was to 
determine a reallocation among the divisions which might 
reduce the predicted number of Part I crimes. To avoid 
major perturbations, no reductions of more than 10 per- 
cent in the number of officers per division were con- 
sidered. The analysis suggested that a shift of officers 
might have led to a net decrease in reported Part I crimes 
for the four divisions, primarily due to what appeared to 
be a particularly high officer effectiveness in one of the 
four divisions. 

The validity of such predictions can be determined 
only by controlled experimentation in which suggested 
changes and means of measuring their effects are estab- 
lished. Other models should be tried, and better and 
more complete data on items such as socio-economic fac- 
tors are required in order to extend and refine the ap- 
proach. Data collection and experimentation programs 
should be set up to develop improved procedures for esti- 
mating the effects of allocation decisions on crimes and 
for improving police allocation. This was merely a first 
limited step in a continuing cycle of analysis, data collec- 
tion, field test, and analysis. Further theoretical develop- 
ment and trials in actual operations are needed. Several 
such approaches should be tried to develop methodolo- 
gies that can be applied by other police departments. 


17 The model used was: 
C=a+b P+c P?+dK-+ eK?+/T 
where C—=number of crimes in the division during the year, P—population of the 
diyision during the year, K—number of police assigned to the division during the 
year, T=number of years since some fixed year, and a through f are constants 


for the division. The regression analysis was used to estimate numerical values 
for the constants. 


464-220 O- 72 - 3 


Another possible model might be: 
C=[geP+h P*] [1—kK] 


where g, h, and k are now the constants for the division. Here gP represents an 
effect due to population, hP? an effect due to population interactions, and k repre- 
sents the ‘‘deterrence effectiveness’ of policemen assigned to the division. This 
and many other models should be explored. 

18 The Part I crimes are the Index crimes plus negligent manslaughter and 
larceny under $50. 


Chapter 3 


Police Operations—Communications, 
Command and Control 


Many aspects of a police department’s patrol operation 
may be likened to a living organism, with sensory organs, 
nerve networks, a central brain, and motor extremities. 
Its sensory organs include the means of detecting crime: 
patrolling officers, alarms, surveillance devices, witnesses, 
and victims. The primary input network is the public 
telephone system, and the output network is the mobile 
police radio network. The counterpart of the brain is 
the police communications center, which receives the 
public’s calls and dispatches the patrol force in response. 
The major extremities are the patrol officers who take 
field action. 

With the accelerating trends in telephone ownership,” 
motorization of the police force, and use of two-way radios 
for police communications, this network has assumed in- 
creasing importance. The needs for improvement have 
expanded faster than its technological development. 
Fortunately, the potential for improvement is probably 
greater here than in any other aspect of police operations. 
The developments to meet the military needs for portable 
communications equipment and for command and con- 
trol of military forces provide an extensive reservoir of 
untapped capability. 


COMMAND AND CONTROL 


“Command and control” is military terminology for 
the planning, direction, and control of operations. It in- 
volves the organization of personnel and facilities to per- 
form the functions of planning, situation intelligence, 
force status monitoring, decision making, and execution. 
These concepts can also be applied to analogous police 
operations, leading to the possibility that command and 
control technology might also be applied. Before dis- 
cussing these possibilities, present police command and 
control operations will be described. 


PRESENT POLICE COMMAND AND CONTROL OPERATIONS 


In most police departments, command and control is 
performed in the communications center, the focal point 
of almost all the public’s calls to the police. Figure 6 
depicts a typical communications center in a large city. 
Situated in an area of approximately 1,000 square feet 
are several telephone answering stations; a number of 


radio dispatchers; a board designed to show the patrol 
beat assignments and the availability of each patrol car; 
and associated devices such as clocks and time stamps. 
Files of street locations, stolen automobiles, and wanted 
persons are usually present or readily available via tele- 
phone, teletype, or pneumatic tube stations. 


FIGURE 6. TYPICAL COMMAND-AND-CONTROL CENTER 
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A call for help first appears as a blinking light on a 
complaint clerk’s telephone switchboard. If all the clerks 
are busy, the caller must wait until a clerk completes an 
earlier call. The waiting time depends on the rate of 
calls, which varies markedly with time of day, and on the 
number of complaint clerks. There is usually a sufficient 
number of trunk lines so that busy signals are rare. 


19 There are over 93 million telephones in the United States. (‘Statistical 
Abstract of the United States, 1966;’’ Department of Commerce; Government 
Printing Office, Washington, D.C. 1966.) 
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Obviously, the urgency of a call cannot be evaluated until 
it is answered. It may concern a crime in progress, a 
report on an old crime, or a family dispute. Only after 
he answers a call, in order of arrival, can the complaint 
clerk determine the type of call, its urgency, and the loca- 
tion of the incident. If he then decides that a car should 
be dispatched, he writes the information on a time- 
stamped “complaint card” and sends it to a dispatcher 
by a conveyor belt, pneumatic tube, or by hand. For 
extreme emergency calls, he might alert the dispatcher 
to switch into the telephone conversation; he at least 
indicates the emergency nature of the call on the com- 
plaint card. The dispatcher, when choosing the next 
card, takes the one with the highest priority. Usually, 
his only information about the call is the information 
on the card; he rarely participates in the telephone 
conversation. 

The dispatcher must translate the address of the in- 
cident into a patrol district in order to find the car to 
assign. He may have to refer to a map or a city location 
file, but he is usually sufficiently familiar with the city to 
do it by memory. He then checks a status board to see 
if his selected car, the one he believes to be the closest, 
is available. At present, the actual location of a patrol 
car within its assigned beat (generally a radius of 1 to 
4 miles) is unknown. Therefore, on an emergency call 
such as a crime in progress, the call may be broadcast to 
all units; those within a suitable distance of the scene go 
to the announced address. This usually brings the closest 
car, but often results in diverting many unnecessarily. 
There are many instances, however, when the closest car 
does not respond at all, since a patrolman in an adjacent 
beat may not be aware that he is closest to the scene. 
On a lower priority call one specific car will be dispatched. 
Once the dispatch order is acknowledged, the dispatcher 
time-stamps the card, places it in an active tray, and up- 
dates the status board. 

There obviously exist many variations to the dispatch- 
ing function described above. In some centers, the same 
person serves as the complaint clerk and the dispatcher. 
This arrangement normally requires the individual to be 
familiar with the addresses over the entire city. In larger 
cities, where this may be a problem, he may be made 
responsible for only a part of a city. Then, only those 
calls originating in his area should reach him; this can 
be accomplished automatically by making the assigned 
areas congruent with areas sharing common telephone 
switching centers. Some cities have current status boards 
and lights; other cities rely on out-of-date maps or no 
maps at all. Some cities have backup telephone positions 
to reduce the telephone waiting time, others have none. 

The existing facilities for command and control are 
especially taxed during general emergency situations 
such as riots or natural disasters. The communications 
load increases enormously due to the deployment of many 
more officers in the field and the general alarm of the 
public, resulting in telephone switchboards and radio 
channels becoming completely saturated. The problems 
are especially complicated by the requirement to main- 


tain reasonable patrol service in areas not directly affected 
by the emergency. 

Most police departments maintain separate fixed and 
mobile command and communications facilities for use 
in such emergencies. Nevertheless, the command re- 
quirements of information gathering and coordination of 
large numbers of units (including other agencies such as 
fire departments, other police departments, and National 
Guard units) pose great problems to present police 
command and control systems. 

The discussion of present operations suggests a number 
of critical command and control problems that seriously 
limit police departments’ operational effectiveness: 


QO] Although a great deal of information about car 
status and details of a call flows through the com- 
munications center, little of it can be readily recalled 
by whomever may need it. The center gets very little 
feedback on the results of its actions. 

CO) At best, the location of patrol cars is only crudely 
given by their beat assignment. 

O) The communications center delay is a significant 
part of the total response time. Studies in Los 
Angeles indicate that on the average it takes 1.5 
minutes for a priority call and 5.9 minutes for a 
nonpriority call to be processed through the com- 
munications center. The patrol cars take an 
average of 3.8 and 6.8 minutes to reach the scene 
of the crime in cases of priority and nonpriority calls, 
respectively. Hence, the communications center 
accounts for 30 to 50 percent of the total delay. 

O Most large-city police departments are faced with 
a severe radio spectrum congestion problem result- 
ing in radio communication queues of patrol officers 
trying to reach their dispatchers. This situation will 
grow worse in the future as more cars and radios 
are added. 

C Staffing is a perennial problem for the police and, 
as the size and complexity of an operation grows, 
merely adding more people is not the answer. The 
problems of information transfer and coordination 
increase severely as more people are added. 

O) A city seeking to improve its operations has no guide- 
lines on how best to design and organize a com- 
munications center. The great variability in 
approach from city to city, coupled with the lack 
of experimental evaluation of different methods, 
prevent any consensus on technical or operational 
approaches. 


QO) Contingency planning for command and control 
during emergency situations such as riots or disasters 
has been neglected by many police departments. 


POTENTIAL CONTRIBUTIONS OF SCIENCE AND TECHNOLOGY 


There are three ways in which science and technology 
can help address these problems. The first is concep- 
tual—analyzing the process and drawing on insights 


gained in previous related analyses such as those con- 
ducted for military command and control systems. The 
second is in evaluation and modification of existing de- 
signs and procedures. The third draws on modern 
computer technology. 


Command and Control Concepts 


Effective use of the radio-dispatched mobile patrol 
force requires knowing at all times where the units are 
and what they are doing, and matching them appropri- 
ately to the public’s needs. Information is the essential 
element in making such assignment decisions: informa- 
tion about criminal activity, the status of police resources, 


FIGURE 7. 
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and the environment and general circumstances in which 
operations must be conducted. The information must 
be gathered, organized, and displayed in a timely fashion 
so that it can be utilized for decisionmaking. 

As noted earlier, these functions fit the generally ac- 
cepted concept of command and control. Since the early 
1950’s the Department of Defense and the individual 
military services have been intensively developing com- 
mand-and-control systems to support military com- 
manders. Figure 7 illustrates the functions which are 
basic to the discharge of command responsibilities. The 
commander must know the environment and circum- 
stances in which he must operate; this capability is pro- 
vided by the situation monitoring and analysis function. 
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He must have a steady flow of data on the factors con- 
cerning his capabilities; this is provided by the resource 
monitoring function. These data enable him to evaluate 
his plans and orders, and if necessary, to change them in 
response to the changing requirements. ‘This is the com- 
mand execution function. As events occur and plans 
and orders are executed, the commander monitors the 
operations of his field forces and uses this information to 
revise and update his estimate of the current situation 
and his available resources. This is the operations moni- 
toring function. 

The command-and-control concepts have not been 
studied or adapted formally in the police context. It is 
not suggested that police departments adopt the concepts 
of military command-and-control systems in their entirety. 
Rather, they can use the general approach, drawing on 
the many years of research and development supported 
by the Department of Defense. They can adapt the 
concepts to their needs, and select those elements that 
are pertinent. For example, one essential element that 
should be incorporated into police command-and-control 
systems is the operations monitoring function. This 
facility provides “feedback” to the commander to assist 
him in evaluating the effects of his decisions and to pro- 
vide him with further information upon which to base 
his next decisions. 

In both military and police work, rapid and complete 
information gathering, decisionmaking, and dissemina- 
tion, are of critical importance. As shown in the previous 
chapter, police response time can often be reduced most 
efficiently by speeding up the command-and-control func- 
tion. Selecting the best vehicle to assign in response to 
a call requires knowledge at the dispatching point of the 
location and the status of all the mobile units. This im- 
plies continual monitoring of the mobile force, and 
organization and display of the position and status in- 
formation in a form convenient for decision. 

In both police and military operations, decision aids 
and reliable communications can contribute substantially 
to improved performance. But the police operation in 
dispatching and controlling field forces, diagramed in 
figure 8, does exhibit important differences from military 
command and control. In the military operations, par- 
ticularly during peacetime, considerably more emphasis 
is placed on planning and allocating resources for poten- 
tial contingencies. In police work, planning and alloca- 
tion of resources are also important, and will become more 
so with the application of scientific planning techniques. 
The heavier emphasis, however, is on the execution phase 
of command and control. 

In a riot or other emergency situation, an emergency 
communications center must be established to transform 
a police department from a loose collection of independ- 
ent units to a cohesive coordinated force. This 
emergency center, often separate from the regular com- 
munications center, must be closely tied to it. Means 
must be provided to collect and display, rapidly and 
continuously, all the varieties of tactical intelligence re- 
lating to the location of events and the disposition of 
forces. The center and selected field units might be 


FIGURE 8. THE POLICE COMMAND-AND-CONTROL PROCESS 
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equipped with a radio scrambler for greater security and 
with frequency-switching or other means of countering 
attempts to jam their communications. The emergency 
communications center staff must be headed by a com- 
mander who can assimilate this information and who 
has the authority to command the available forces. 
Contingency plans for situations that might arise and for 
coordination with adjacent jurisdictions must be devel- 
oped and stored in a readily accessible form. 


Improvement of Existing Systems 


Before considering introduction of major new tech- 
nology some immediate steps can be taken to improve 
command-and-control operations. Improving such sim- 
ple aspects of command and control as floor layouts, design 
of headsets and microphones, use of foot switches for 
radio transmitters, and clear and intelligible status dis- 
plays can improve a center’s operation under heavy load. 

Communications center procedures and design, which 
can affect performance significantly under critical loads, 
appear to have evolved more from local tradition and 
physical restrictions than from careful planning. The 
performance of each of several different possible con- 
figurations can be experimentally measured, both in op- 
erating centers and under laboratory control in a 


simulation laboratory. A command-and-control center 
operates almost entirely with telephone inputs and radio 
outputs. It has very little direct physical contact with 
the outside world. Therefore, for experimental purposes 
It 18 easy to substitute simulated events for real ones, and 
to conduct tests on reasonable analogies of real situations. 
In this manner, standard and emergency plans and pro- 
cedures can be tested, decision rules can be evaluated, and 


training and experience can be provided police officers 
under simulated extreme conditions. 


Computer-Assisted Command and Control 


The most dramatic way technology can assist com- 
mand-and-control operations is through the introduction 
of modern information processing and communication 
technology. To benefit fully from the technology, how- 
ever, its introduction should not be limited to simple 
mechanization of existing procedures which were de- 
veloped in the face of technological constraints that may 
no longer be relevant. Rather, the entire police com- 
mand-and-control function, including many aspects of 
patrol operations, should be subjected to a basic re- 
examination, taking full account of the new capabili- 
ties offered by computers and communications links. 
This review should consider questions of when, where, 
and how to use the police patrol force. It should evaluate 
how police should respond to various types of routine and 
emergency situations. It should examine by study and by 
experiment the extent to which preventive patrol deters 
crime, how forces should be allocated by time and by 
geography, optimum patrol tactics, appropriate condi- 
tions for conspicuousness and for covertness, how to re- 
spond to riots, and many other germane questions. The 
patrol operations will then be able to benefit markedly 
from computer assistance—much more than by merely 
automating existing procedures. 

It is possible to describe the general outlines of a com- 
puter-assisted command-and-control system for certain 
large cities. In such a system, depicted in figure 9, 
telephone calls to the police are still answered by a com- 
plaint clerk, termed in the figure a “controller.” He 
enters the type of incident, the address, and a priority 
code into a keyboard connected to a computer. The 
controller can specify what the situation requires: 
whether a one- or two-man car should be sent, whether 
two vehicles should respond, etc. After he decides that 
a car should be sent, the rest is then automatic. 

The computer maintains records of street-address loca- 
tions and the location and availability of each patrol car, 
and finds the best car to respond to the call. It prepares 
a dispatching order which is automatically sent to the 
selected car as a computer-generated voice message or by 
some digital data link such as teletype. If the patrol offi- 
cer does not acknowledge the message by voice or by some 
simple digital link within, say, 10 seconds, another car 
can be sent on the call. 

The location file can also report the firehouse or hos- 
pital nearest the event, and physical or other character- 
istics of the assigned address (e.g., three-story building, 
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location was robbed last month). This information can 
be relayed to the field unit as it proceeds to the location. 
If the files of stolen automobiles and wanted persons are 
stored in the computer, the patrol officer might inter- 
rogate the computer directly via a direct data link with- 
out going through the dispatcher. This would decrease 
the processing time for such inquiries and the amount of 
traffic on the voice-radio frequencies. 

Burglar and other alarms could be linked directly to 
the computer. If an alarm went off, the computer, know- 
ing the alarm’s location, could immediately dispatch the 
appropriate car without the controller’s intervention. 

The dispatch orders, the status of the patrol cars, events 
in progress, and other basic control information can be 
displayed by the computer to command officers, who can 
always countermand the computer-originated orders. 
They can concentrate on the unusual while the computer 
automatically handles the routine. 

The total delay time in the control center would be 
reduced to the time it takes for the controller to enter 
the information from the caller into the computer and 
to get the message onto the air. The current processing 
times of several minutes could be cut to 30-60 seconds. 
The computation time would be an insignificant part. 
The radio transmission time can be reduced by the use of 
patrol vehicle teleprinter discussed later in this chapter. 

Since field response time depends strongly on the as- 
signed car’s distance from the call, automatic car-location 
devices could be tied directly to the command-and-control 
computer, so that it could find and dispatch the closest 
car. Car locater devices would permit assignment of the 
two or three cars closest to the scene, and if advisable, 
other cars could be strategically deployed along escape 
routes. 

Fortunately, as is shown in appendix E, most of the 
advantages of having a car locator can be achieved with 
comparatively inaccurate devices, errors of about one- 
quarter mile being acceptable. 

There are four techniques that show promise of pro- 
viding the necessary accuracy of an acceptable level of 
cost: 


A system of police car emitters and callbox sensors. 
A modified radar transponder system. 
A medium frequency radio-direction-finder system. 
A carborne position computation and reporting sys- 
tem. 
These are discussed in appendix E. 

In the patrol car emitter-callbox sensor system each car 
would carry some kind of a visual, acoustic, or electro- 
magnetic identifying emitter that could be detected by 
receivers located in police and fire callboxes. Informa- 
tion gathered by the sensors could then be sent back to 
the communications center by land lines. The inverse 
of this technique could also be employed, with coded 
emitters installed along the street and sensors installed in 
patrol cars. A radio link would then be needed in the 
car to relay the car’s identification and location to the 
communications center. 


21'The New York City Police Department, with its SPRINT system, is already 
taking some significant steps in this direction. 
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FIGURE 9. POSSIBLE COMPUTER-ASSISTED POLICE COMMAND-AND-CONTROL SYSTEM 
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In Washington, D.C., for example, there are approxi- 
mately 920 police callboxes, located as shown in figure 10. 
There are about 14 callboxes per square mile or approxi- 
mately one every quarter mile. This would provide suffi- 
cient precision for patrol car location. If finer precision 
was desired, consideration could be given to locating 
sensors in the 2,000 fire callboxes. 


_ Use of a radar system requires special transponder tech- 
niques to overcome reflections from the numerous build- 
ings, towers, and other structures in a metropolitan area. 
One possible approach would be to use a central inter- 
rogator, transmitting pulses through a_ directional 
antenna. Each police car’s transponder would reply to an 
assigned interrogation pulse a specified interval after a 
synchronization pulse. 


FIGURE 10. 
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A medium-frequency radio direction-finding system 
can determine the direction of a radiating transmitter 
even when the transmitter is located in the midst of tall 
structures. Conventional direction finders employing 
triangulation techniques could therefore be used to locate 
police cars equipped with a simple low-power medium- 
frequency transmitter. The police radio frequencies in 
the 2-3 MHz range should be suitable for this application. 

In a carborne position computation and reporting sys- 
tem, the patrol car would continually compute and record 
its own location with an integrating compass, odometer, 
and resolver computers. It could transmit that informa- 
tion upon receipt of a proper interrogation signal. 

All four of these basic car locator techniques appear to 
be technically feasible. On the basis of this limited in- 


POLICE CALL BOX LOCATIONS IN THE DISTRICT OF COLUMBIA 
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vestigation, the patrol car emitter-callbox sensor system 
appears to offer the most promise where a network of 
callboxes or some equivalent exists. The modified radar 
transponder system if it proves to be feasible may be pre- 
ferred elsewhere. Preliminary design studies of both of 
these systems should be undertaken to obtain an estimate 
of feasibility, costs, and performance. 

The location of the incoming telephone call might also 
be determined automatically in order to reduce the time 
spent by the controller to insert information by the key- 
board. The telephone company could record the num- 
ber of each incoming telephone call, determine that tele- 
phone’s address from a computer file of telephone ad- 
dresses, and display that address to the controller, as he 
answers the call.*? By punching a button, he could enter 
the correct address directly into the computer. This 
would save time and reduce the chances for error. Since 
the calling telephone may not be at the location of the 
event, however, manual addressing capabilities would 
have to be retained. Furthermore, automatic recording 
of addresses might discourage callers who wish to remain 
anonymous from reporting incidents to the police. It is 
not clear whether the cost of such capability warrants its 
use, but it is a capability to be considered. 

A computer-assisted command-and-control system of- 
fers many new possibilities for the deployment and con- 
trol of a patrol force. As the crime pattern in a city 
changes hour-by-hour, its patrol force could be rede- 
ployed to respond to it. As parts of the city are stripped 
of patrolmen by called-for services, other units could be 
assigned as backup. Under a riot or other emergency 
situation, contingency plans could be programed so that 
appropriate units would be deployed to the emergency, 
and adequate backup maintained. 

With all information on calls stored in the computer, 
complete analysis of the operations of the patrol force 
could be conducted regularly to aid in assigning forces in 
response to changing crime patterns. 

Under these computer-assisted command-and-control 
concepts significant organizational changes would be 
needed. True command and control of the field units 
would be delegated to the center—the precinct watch 
commander would know what is going on in each beat 
and the status of each unit only if he was at the center 
in the role of a dispatch commander, or if he were given 
a remote display at the precinct station. 

It is estimated that the total operating cost of such a 
system for a 100-car city would range from $500 to $2,000 
per car for new equipment, $200,000 to $400,000 per year 
for computer rental, a similar amount for computer per- 
sonnel, plus $500,000 to $2 million for control-center 
equipment and design. 

Since the system must operate reliably 24 hours a day, 
a backup computer must be provided and is included in 
these cost estimates. In measuring the impact of the 
cost of these items on a police budget, it is relevant to 
note that a two-man patrol beat costs about $100,000 per 
year. The command-and-control computer system could 


also be used to perform the other statistical and reporting 
functions of the department during slack hours, and that 
function would bear some of the cost. A cost savings 
would be realized by the replacement of dispatcher per- 
sonnel, since a city with 10 radio dispatchers could 
probably reduce the number to three or four dispatch 
commanders, but this would probably be canceled by the 
addition of computer personnel. ‘Fhe number of tele- 
phone controllers would stay about the same. 

The proper design of such a system and the procedures 
for using it can only be developed in an evolutionary way. 
Furthermore, additional information is needed to deline- 
ate what size departments can benefit sufficiently to war- 
rant the cost. It does appear, however, to offer sufficient 
potential for a major breakthrough in patrol operations 
to warrant pursuing it in depth. A great deal of analysis 
and experimentation should precede and accompany the 
implementation of such a computer-assisted command- 
and-control system. Many possible equipment combina- 
tions will have to be weighed and basic organizational 
and procedural questions examined in developing the 
final system. 


PROPOSED PROGRAM 


The next step in improving police command and con- 
trol would appear to involve significant research and 
development programs requiring Federal funds. An ex- 
perimental program to develop a computer-assisted 
command-and-control system should be established with 
Federal support. The following sequence of develop- 
ments should be undertaken to proceed with such a 
program : 

DO Two or three large cities should be funded by the 
Federal Government for a detailed study of their 
patrol operations to determine how they would use 
a computer-aided command-and-control system. 

QO) As part of the effort, an extensive reexamination of 
the communications system should be undertaken 
to assure the proper channel availability and to assess 
the utility of car locators, mobile teletype, and 
automatic address location from the telephone. 

O) Based on the results of the studies, one of the cities 
should be selected for installation of a prototype 
system. 

CJ As the new system is developed, it should first be 
used in simulated operation in parallel with the 
manual system, then with a manual backup, and 
finally, be incorporated into the control operation. 


The development process will have continual modifica- 
tion and testing and should be guided by an organization 
experienced in the development of large, computer-based 
systems. 

Federal support should also be given to experimenta- 
tion on communications center design and procedures, 
both in operating communications centers and in a 
simulation laboratory created for that purpose. 


“A study prepared for the task force by American Telephone & Telegraph 
Co. suggests the feasibility of this approach. 


COMMUNICATIONS TO THE POLICE 


The primary input to the command and control system, 
and the most frequent initiator of the apprehension proc- 
ess, 1s a call from a citizen, usually a victim of a crime or 
a witness to one. In the case of street crimes, however, it 
is often difficult for the victim or a witness to call the 
police promptly. A number of things can be done to 
improve existing street Communications equipment to 
make it easier to reach the police. 

_The victim of a robber careful enough to steal his last 
dime cannot now use the public telephone. Public tele- 
phones can be adapted so that the operator can be reached 
without using money, as was demonstrated in a recent 
test in Hartford, Conn., and as is now possible with equip- 
ment used by some small telephone systems. The Bell 
Telephone System is now planning to extend this capa- 
bility widely. 

Most major cities have a network of police callboxes 
that are usually inconspicuous and locked, in many cases 
about as numerous as street telephones. Washington, 
D.C., has, as noted, 920 such boxes, or about 1 every quar- 
ter mile. These are not now available to the public. 
During World War II, however, they were painted red, 
white, and blue, and made available to the public in case 
of air raids and other emergencies. Adapting callboxes 
to permanent public use would, at little cost, double the 
number of available locations from which citizens could 
notify the police of observed street crimes or auto 
accidents. 

The false-alarm rate for such callboxes would probably 
be less than from a mechanical alarm, since a potential 
prankster would have to reveal his voice. While experi- 
ence with a police callbox may not turn out to be fully 
comparable, one metropolitan fire department estimates 
the false alarm rate for calls received over the telephone 
to be less than 3 percent, far less than the 50 percent 
false-alarm rate for an automatic or a mechanically 
actuated alarm. 

Simply adapting a callbox system for public use is not 
sufficient to obtain maximum benefits. Each public call- 
box must be well marked and lighted; they must be easy 
to operate; and the availability of the system must be 
widely publicized. Apparently these necessary steps have 
not been taken by the majority of U.S. cities today. 

A survey revealed that in five cities an average of only 
about two alarms were sent from each callbox in a year. 
Informal surveys have indicated that less than 10 percent 
of the population is aware of the presence and methods 
of use of the public alarm system. Merely providing 
such an additional communication link to the police with- 
out publicizing the benefits which an aware public can 
derive is leaving the task half completed. ; 

Police callboxes should be designated “public emer- 
gency callboxes,” should be better marked and lighted, 
and should be left unlocked. Since the foot-patrol su- 
pervision function, for which most callboxes were orig- 
inally intended, is rapidly becoming unnecessary through 
more widespread use of radios, the public alarm function 
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is probably the major reason for maintaining such systems 
at all. 

When trying to call the police from an ordinary tele- 
phone, a person is faced with a bewildering array of police 
jurisdictions and associated telephone numbers. In the 
Los Angeles area alone, there are 50 different telephone 
numbers that reach police departments within Los An- 
geles County. It should be possible to use a single tele- 
phone number to reach the appropriate police department 
(or some other emergency center) directly. Great Brit- 
ain has such a universal emergency number, “999.” 

Wherever practical a single number should be estab- 
lished, at least within a metropolitan area and preferably 
over the entire United States, comparable to the telephone 
company’s long-distance information number. This is 
difficult but feasible with existing telephone switching 
centers; it appears more practical with the new electronic 
switching systems being installed by the telephone com- 
panies, and should be incorporated. In the interim, the 
telephone companies should print on each telephone num- 
ber disc the number of the police department serving that 
telephone’s location. 

Once the caller reaches the police, he may be delayed 
because all the complaint clerks are busy. 

The delay time can be reduced by adding complaint 
clerks, and an appropriate number can be calculated, as 
was illustrated in the example in chapter 2. On the basis 
of analyses ** the following general conclusions can be 
drawn: 


Large police departments should have at least 
two telephone numbers—one for emergency 
calls and the other for administrative calls—with 
the ability to transfer calls from one line to the 
other. 


Telephone traffic studies should be performed so 
that the rate of calls can be estimated as a func- 
tion of the day of the week and the time of day. 
An appropriate number of telephone clerks can 
then be assigned at all times. 


Similar studies could be conducted to determine 
the optimum number of dispatchers as a func- 
tion of the call rate, the number of cars on 
patrol, and the radio conversation times. 


POLICE RADIO COMMUNICATIONS SYSTEMS 


Information flows from the communications center to 
the mobile patrol force almost exclusively by voice radio. 
As discussed in appendix D, police departments through- 
out the country are now faced with many complex prob- 
lems and serious limitations on their plans and activities 
due to congestion of the radio spectrum. Some charac- 
teristics of the difficulties are: 


Congestion is most severe in major population 
centers. 


In most areas, police radio is organized into 
small independent networks, resulting in inef- 
ficient use of available frequencies. 


: i Pe i ion Process,” 
3 Th alyses are in a report, ‘Analyses of the Police Apprehension , 
now ta paspaedttont, The report will be available from the Clearinghouse for Fed- 
eral Scientific and Technical Information of the National Bureau of Standards. 
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With a few notable exceptions, radio com- 
munication is based on the same operational 
concepts as in the 1930s. 


Congestion will intensify as more mobile radios 
are used and as additional communication de- 
vices such as portable radios and radioteletypes 
,are introduced. 


Little effort has gone into planning or accumu- 
lating the data necessary to estimate either pres- 
ent or future radio spectrum requirements as a 
function of time, location, and frequency; nor 
have these requirements been presented in clear- 
cut terms for consideration by the FCC. 


Although data detailing the national radio spectrum 
shortage are particularly difficult to obtain, individual ex- 
amples from many areas are sufficiently dramatic to make 
a compelling case for the reality of the shortage in many 
metropolitan areas. In the Chicago metropolitan area, 
for example, 38 separate suburban cities with 350 patrol 
cars must share | frequency. This congestion results in 
excessive delays and underuse of the police force while 
patrol officers wait to gain the air. No police officer who 
needs help should have to wait for a clear frequency. 

An emergency message from a police dispatcher always 
has top priority and, even in extremely congested police 
radio networks, that message gets through. However, 
the radio spectrum congestion evidences itself in less 
obvious ways. For example, some police departments 
have limited the number of police cars on the streets be- 
cause of lack of radio capabilities. Others have delayed 
purchasing such new equipment as small, portable radios 
for patrolmen on foot for similar reasons. Thus, the spec- 
trum shortage generally manifests itself gradually by 
limiting the use of modern technology, rather than in im- 
mediate dramatic ways. 

The breakdown in police radio communications net- 
works becomes dramatically evident in major disorders 
and in similar situations demanding the coordinated ac- 
tion of a number of police agencies. At such times, both 
the congestion and the lack of flexibility of the police 
networks become glaring weaknesses. Thus, in the Watts 
riots of 1965, both the police agencies directly involved 
and the police brought in from other parts of Los Angeles 
attempted to use hopelessly congested channels or could 
not communicate at all because of frequency incom- 
patibility. Some police commanders were unable to talk 
with men assigned to their command; it is extremely 
difficult to try to control a civil disturbance in an area of 
40 square miles without effective communications. In 
Illinois, when State, county, and municipal police have 
monitored disturbances, their coordination has similarly 
been hampered by lack of radio contact. 


THE DESIGN OF POLICE RADIO NETWORKS 


An efficient police mobile radio network should make 
greater use of trunk groups of channels rather than single 
channels, and it should have a number of “switchable” 
channels which can be reassigned from one group of 
users to another as current demands change. 


In radio communications, a receiver can be designed 
so that it is turned on upon receipt of a subaudiofre- 
quency code. ‘Thus, by the use of the subaudiofrequency 
code, it is possible to communicate with a chosen car or 
a group of cars equipped to respond to the code. Other 
cars tuned to the same frequency but responding toa 
different code can be addressed separately at different 
times. This coding permits greater flexibility in the use 
of each frequency. The same channel may be used at 
different times for detective work, for addressing super- 
visory vehicles alone, or for citywide purposes by variation 
of the code. Although some switching capability can be 
achieved without the use of selective coding, obviously 
much greater flexibility is available through its use. 
Hence, police departments should make greater use of 
selective coding for addressing in their radio networks to 
enable them to switch their radio channels to meet their 
changing demands. 

Police radio networks should also make greater use of 
multiple frequency trunking. The trunking concept is 
illustrated in figure 11. The top of figure 11 depicts the 
method currently used to provide radio coverage for a 
police mobile fleet. The city is divided into a number 
of major geographical sectors, each one patrolled by 
usually no more than 50 vehicles. The number of sectors 
is the same as the number of radio channels used, four in 
this example. The vehicles assigned to a sector are all 
linked to a dispatcher in police headquarters by the same 
single radio channel. The channel may be simplex (the 
cars and the dispatcher all use the same frequency) or 
duplex (one frequency is used by the dispatcher and 
another is shared by the cars). 

The middle of figure 11 shows the simplest version of 
multiple frequency trunking. The sectors are paired and 
two channels are assigned to each pair to use in common. 
Patrol vehicles. still communicate only with their own 
dispatcher, since addressing is accomplished by selective 
frequency coding rather than by simple frequency ad- 
dressing. The individual user in the top situation will 
sometimes find the channel busy when another car in 
the same sector is using it. In the middle case, both 
channels must be busy simultaneously for the user to 
experience delay in placing his call. 

Even though the demand on the two channels is twice 
that on one, delay is less likely to occur when the channels 
are shared, since each car can use either of its assigned 
channels. For instance, if each of two sectors uses its 
private channel 50 percent of the time, then each one 
finds it busy half the time. When sectors are paired, a 
user would find both channels busy only 35 percent of 
the time. Thus, both have better service with the shared 
arrangement. In the bottom figure, all four channels 
are shared by all the sectors in a trunking arrangement, 
and delay is still less likely, occurring 20 percent of the 
time in the above example. In this case all four channels 
must be busy simultaneously for a call to be delayed. 
These principles are utilized in conventional telephone 
networks, in the AT&T mobile radio service, and in 
electric-power networks. 


FIGURE 11. ILLUSTRATION OF MULTIPLE CHANNEL TRUNKING 
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CONVENTIONAL NETWORK 


CITY DIVIDED INTO FOUR 
SEPARATE SECTORS, EACH 
WITH ITS OWN RADIO 
CHANNEL AND DISPATCHER. 


SECTORS PAIRED TO SHARE 
TWO RADIO CHANNELS. 
SELECTIVE ADDRESS CODING 
PERMITS EACH SECTOR'S 
CARS AND THEIR DISPATCHER 
TO TALK ONLY WITH EACH 
OTHER. 


MINIMUM TRUNKING 


COMPLETE TRUNKING 


ALL SECTORS SHARE ALL 
CHANNELS. SELECTIVE 
ADDRESS CODING PERMITS 
EACH SECTOR'S CARS AND 
THEIR DISPATCHER TO TALK 
ONLY WITH EACH OTHER. 


Geographical and topographical features limit the 
manner in which sectors could be combined. In Los 
Angeles, for example, two major sections of the city are 
divided by a line of mountains, so that only sectors on 
the same side of the mountains could share channels. 

A number of problems more directly related to police 
communications further limit the simple application of 
these concepts. The dispatcher, for example, 1s often 
the limiting bottleneck in mobile radio communications. 
It may well be decided in a particular situation, therefore, 
that multiple frequency trunking should not be applied 
to the dispatcher’s messages, and that he should have his 
own exclusive channel to eliminate the possibility of de- 
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laying him. This could be done with a duplex system 
in which the dispatcher’s frequency is private and the 
incoming calls trunked. 

The growth of police mobile radio networks has led 
to an increased control of the police mobile forces by 
the dispatchers, and a corresponding diminution of the 
effective authority of the sergeants and lieutenants in the 
field. Some police departments insist that all cars in an 
area be able to monitor all calls, partly for improved co- 
ordination, partly to permit the field supervisors to exer- 
cise their functions. This requirement tends to favor the 
use of a simplex system where both dispatcher and cars 
talk on the same frequency. Simplex operation also per- 
mits car-to-car conversation, which aids the field super- 
visor and facilitates field coordination. Radio disci- 
pline is required to insure that the channels are not domi- 
nated by lengthy conversations between cars in the field 
during those busy hours when the dispatcher must have 
ready access to the network. 

Simplex operation with selective coded addressing 
would appear in general to offer the best combination of 
characteristics for general police radio use. By selective 
addressing, the sergeant could address directly the units 
under his control without going through the dispatcher. 
By the same means, all the cars under the direction of that 
sergeant could monitor the conversation between the ser- 
geant and any car in his tactical unit. Further, in case 
of a large-scale disturbance, the car-to-car communica- 
tions capability should make it possible for the group of 
cars to be separated from dispatcher control and to oper- 
ate as an integrated field force under the direction of 
their own supervisor. These features can be obtained 
in a duplex system but are generally less expensively real- 
ized with simplex. Hybrid systems for operating in dif- 
ferent modes at different times are, of course, possible. 

Trunking makes possible the more even loading of 
multiple radio channels. This advantage cannot be real- 
ized in the small networks of many independent munici- 
palities. Furthermore, these independent networks ham- 
per the ability of neighboring police departments to carry 
out coordinated actions in major emergencies. These 
are strong reasons for discouraging their further develop- 
ment. This does not imply that an independent munic- 
ipality should not have its own independent police force. 
The conclusion is only that such police forces must co- 
ordinate their communications needs with those of other 
forces in the same area if police communications prob- 
lems are to be solved in an orderly way. 

Channel switching implies that there exist radio chan- 
nels available to be switched. Such channels do exist 
in the public safety bands. Highway maintenance and 
school bus frequencies generally are used only during the 
normal working day. Busy hours for the police, when 
these switchable channels are needed, are evenings and 
weekends. Thus, greater use of trunking and switching 
urges that the total radio resources of the city be con- 
sidered in designing a public-safety radio network. The 
unused frequencies of other public safety users should be 
made available by appropriate FCC rules to relieve police 
radio traffic congestion at their peak periods. 
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Police mobile radio networks using these concepts will 
admittedly be more costly than they have been in the 
past. Very preliminary estimates made on the basis of 
telephone company experience with its mobile telephone 
service are that costs can be expected to increase by 50 
to 200 percent over those of present systems. Where 
communications are congested and additional frequencies 
are not readily available, the benefits derived in terms of 
increased police operational capability would be suffi- 
cient justification for the additional investment. 

In using these concepts, police agencies will be forced 
to direct more attention to their network design require- 
ments. Police radio networks are now largely built 
around the available equipment rather than designed in 
response to police needs. Police agencies should trans- 
late their needs into a system design and then decide 
what equipment they need. 


THE RADIO SPECTRUM CONGESTION PROBLEM 


Design of effective radio networks is aggravated by the 
severe spectrum congestion in the police radio bands, 
particularly in large: metropolitan areas, a congestion 
extending across all the radio bands allocated to land 
mobile operations. Limited field tests undertaken by 
the FCC in Los Angeles and New York, the pre- 
occupation with the subject in the APCO Bulletin,?+ 
a study made by the Land Mobile Section of the Elec- 
tronic Industries Association,*® and evidence gathered 
and presented in connection with various dockets that the 
FCC has opened in recent years,?° 27 all indicate serious 
congestion and a growing demand for more frequencies 
on the part of radio communications users. FCC Com- 
missioner Cox, in a recent article addressed to the engi- 
neering profession,** pointed out the rapid growth in the 
land mobile services (from 10,999 licensed transmitters 
in 1948 to over 220,000 in 1965) and the reasons for 
creation of the Advisory Committee for Land Mobile 
Radio Services. The need for action in this area has 
also been pointed out in Congress.” 

The lack of a clear measure of the spectrum available 
and of a firm estimate of what is needed hampers a 
clear exposition of the situation. Consider first the 
needs. Actual channel loading, measured as the per- 
centage of time a radio channel is in use, would be 
extremely heavy if the channel were in use over 50 percent 
of the time. Informal surveys made by members of the 
Task Force show a wide variation in police radio channel 
loading within the same area. One major police depart- 
ment had a heavy load on several of its channels, but 
one of its channels was very lightly loaded. However, 
because of the inflexible network design, the department 
could not easily switch channels from one set of users to 
another. In many other cases, small municipalities adja- 
cent to central cities with badly overloaded facilities were 
found to have lightly loaded channels used only 5 percent 
of the time. Thus, radio channel loading averaged over 
a metropolitan area is not a clear-cut indicator of the 
spectrum congestion. 


The radio channel requirements might he keyed to 
Sample statistics indicate that on the aver- 
population. Sample sta L ) ea 
age, over a 24-hour day, a police patrol vehicle handle 
about one call per hour.°° A population of about 25,000 
generates an average of | call per hour for police service. 
Thus, subject to a more detailed evaluation, an average 
of 1 patrol car is needed on constant duty for each 25,000 
of population if demand peaks are ignored. But a com- 
munication system must be designed for peak rather than 
average traffic. The peak demand is typically about five 
times the average demand; thus 1 patrol car would be 
needed for each 5,000 population to meet a 5:1 peak. 

Studies by the RAND Corp.” indicate that a police 
conversation lasts 25 to 60 seconds on the average. This 
is consistent with the FCC rule of thumb that 50 to 60 
mobile units make a maximum load for a single radio 
channel. Assuming 30 cars per radio channel as an ac- 
ceptable working level, this indicates an assignment of 1 
radio channel for every 150,000 population. However, 
the validity of this guideline requires further verification. 
The need for special channels for supervisory vehicles, 
detective channels and other special requirements of the 
individual department represent an additional demand 
for channels. Furthermore, since municipal, county, and 
State police operate communications networks over areas 
where political boundaries have no relationship to the 
range of a radio transmitter, it would be unwise to apply 
rigidly a single guideline for determining the actual police 
radio needs. 

The most feasible sources for additional radio spectrum 
space are the television bands. There are two major 
sources for additional radio spectrum within these. The 
first is in the WHF spectrum used for channels 2 through 
13. In cities where a particular VHF channel is not 
utilized, those channels could be made available for police 
mobile radio systems. Available VHF-TV spectrum can 
provide on the order of 300 additional channels in most 
metropolitan areas. The second source of TV frequen- 
cies is the underloaded UHF spectrum. The FCC should 
make space from these sources available for police mobile 
radio use. If this allocation were to the land mobile 
services generally, instead of for exclusive police use, the 
police should receive a major share. 


THE RELATIONSHIP BETWEEN THE LOCAL COMMUNITY 
AND THE Fcc 33 


Matters of frequency assignment presently come to 
the FCC on a piecemeal basis. Although the FCC has 
urged users to consider and present the broader implica- 
tions of their requests, the actual workings of the fre- 
quency assignment system have led to keen competition 
for ever-scarcer frequencies on a highly individual basis. 
Frequency assignments made on this basis have led to 
wide variations in traffic loading on the police frequencies 
in all areas. The resulting inefficient use of the radio 
spectrum has intensified what, in many areas, would be 
a serious spectrum congestion problem even with efficient 


** Bulletin of the Associated Public Safety Communications Officers (APCO). 

5 Land Mobile Section of the Electronic Industries Association, “Study of the 
Federal Communications Commission Frequency Cards,”’ 1964. 

*6**In the Matter of an Inquiry into the Present and Future Requirements of 
the Public Safety Radio Services for the Allocation of Radio Frequencies,"’ FCC 
Docket 11997. 

*7 In the Matter of an Inquiry into the Optimum Frequency Spacing Between 
Assignable Frequencies in the Land Mobile Service and the Feasibility of Fre- 
quency Sharing by Television and the Land Mobile Services,"” FCC Docket 15398. 

*8 Kenneth A. Cox, ‘‘The Land Mobile Radio Services,” IEEE Spectrum, vol. 2, 
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29 John D. Dingell (16th District, Michigan), ‘‘The Need for Additional Radio 
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use of frequencies. Another result has been that the FCC 
does not get the kind of overall picture of spectrum usage 
which would enable it to establish the coherent national 
policy so necessary to the interests of all concerned. 

Steps should be taken to encourage pooling of radio 
frequency resources into efficient communications net- 
works on the part of Public Safety Radio Service users; *4 
to reduce the number of applicants who deal directly with 
the FCC; and to require municipal governments to take 
a greater responsibility for the efficient use of the radio 
spectrum resources under their control. 

As one means for achieving this coordination, the FCC 
should limit in terms of population and/or land area the 
size of municipalities located in congested metropolitan 
areas with which it will deal directly in regard to fre- 
quency assignments in the Public Safety Radio Service. 
To qualify for frequency assignments, such smaller munic- 
ipalities should be required to participate in an area net- 
work plan or coordinate with the central city. Such a 
policy would encourage cooperation without dictating 
how this should be accomplished on a local level. Some 
cases will undoubtedly exist where it is impossible for a 
small community to enter into such a network. The 
FCC rule could certainly allow for such exceptions. It 
is also possible that there will be cases in which a small 
community is unable to reach satisfactory agreement with 
a large one. If this should occur, a plan could be pre- 
sented, along with the dissenting position of either or both 
groups, for FCC decision. 

There are many examples of small communities with 
lightly loaded channels in metropolitan areas with heavy 
radio congestion. The FCC should notify these small 
municipalities that, unless they show justifiable cause for 
an exception, they must release within 5 years, any public 
safety frequencies which have been assigned to them. 
Since FCC licenses are issued for periods no longer than 
5 years, this involves a decision not to renew licenses rather 
than to revoke existing ones. 

This action would bring into coordinated networks 
those municipalities whose motivation to do so is now 
only limited—their frequency situation is satisfactory 
although they may be surrounded by others with severe 
congestion. There appear to be a sufficient number of 
such communities and sufficient radio spectrum resources 
are involved to make this an important consideration. 

As soon as practicable, the FCC should establish a policy 
of assigning Public Safety Radio Service frequencies only 
to the local government and not assigning them directly to 
the users such as police or fire departments. Frequency 
advisory matters should be handled by one committee in 
each geographical area instead of by separate committees 
for police, fire, highway maintenance, and forestry con- 
servation. These committees should receive formal recog- 
nition by their State governments or on an interstate 
basis. 

Police communicators often do not use frequency re- 
sources available to their municipalities primarily because 
these frequencies are not licensed for police use. The 
FCC has recognized the need for multiple use of radio 


33 


frequencies by establishing within the Public Safety Radio 
Service a band of local government frequencies which 
can be used for any legitimate local activity. The major- 
ity of the frequencies in the public safety bands are, how- 
ever, specified for type of user and forbidden to users not 
in the specified category. Asa result, although a city may 
have sufficient total radio spectrum resources to create 
a highly efficient network including all departments, the 
police may be desperately short of frequencies. This 
situation is not likely to change in the absence of outside 
pressure for an overall network plan. 

The primary responsibility for allocating frequency re- 
sources among police and fire protection and other munic- 
ipal functions properly rests with the local government 
rather than with the FCC. The present policy of assign- 
ing frequencies below the municipal government level 
is, to some extent, inadvertently injecting the FCC into 
local government affairs, increasing the difficulty of its 
own task, and placing artificial restraints upon the munic- 
ipal government. ‘This, of course, was not a problem 
before radio spectrum became congested. Under the 
broader characterization of the frequencies involved, the 
FCC retains its responsibility to see that there are ade- 
quate spectrum resources for municipal functions. 
Where appropriate, individual requests could still be 
considered. 

This policy would make the municipal government 
responsible for the efficient use of its total radio spectrum 
resources. Then, with designs based on larger networks, 
greater efficiency becomes possible. The municipality re- 
tains the freedom to develop a coordinated police network 
in cooperation with neighboring cities, or its own coordi- 
nated public safety network, or any combination of the 
two. From the FCC viewpoint, the primary considera- 
tion should be efficient use of the limited radio frequency 
spectrum. 

Finally, in order to develop coordinated plans for the 
future, the FCC should inform the States and local gov- 
ernments in the large metropolitan areas that they will, 
in the future, be expected to provide justification for 
their radio frequency needs in the form of overall pro- 
jected public safety requirements for the following decade. 


COMMUNICATIONS EQUIPMENT FOR 
THE PATROLMAN 


In police communications equipment, the most im- 
mediate need, for small departments as well as large ones, 
is the development of inexpensive, portable voice radios 
that will link every patrolman to his department con- 
tinuously, regardless of whether or not he is in a car. 
Some of the possibilities are discussed in this section. 
There are many possible refinements that might be useful 
in specialized situations. Scramblers could be used to 
maintain security of sensitive voice transmissions and 
various antijam features could protect against intentional 
jamming of the police radio network. Digital communi- 
cations, such as teletype, could be used both to conserve 
radio bandwidth and to provide a permanent record of 
the transmissions. Recording equipment could be carried 


34 The users in the Public Safety Radio Service include police, fire, highway 
maintenance, forest conservation, and local government. 
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to record confessions and witness testimony, and to pro- 
vide evidence that apprehended suspects had been prop- 
erly informed of their constitutional rights. 


INEXPENSIVE PORTABLE TWO-WAY RADIOS 


Police officials have been unanimous in their desire for 
small, lightweight, inexpensive, portable two-way radios 
for both foot and mobile patrolmen to carry at all times. 
With a radio, a patrolman can always call for help and 
he can always be reached by his commander. The radio 
must work inside most buildings, on the street between 
tall buildings, and must not be so cumbersome as to im- 
pede his regular police actions. Furthermore, it must 
be inexpensive enough for a police department to assign 
one to every man on duty. 

Experience has shown that in typical situations, hand- 
held two-way radios must have a power output of about 
1 to 5 watts for reliable operation over limited but useful 
ranges (/4 mile to 2 miles). The range of the units is 
limited primarily by such things as obstructing walls or 
buildings, electrical noise from industrial equipment, low 
antenna heights, and the inefficient antennas of hand- 
held units. In order to extend the range by increasing 
the power of the units it would be necessary to increase 
greatly the size, weight, and cost of the units before even 
a marginal improvement in range could be detected. On 
the other hand, reducing the power much below the 1 to 
5 watt range results in unreliable performance under 
many conditions. 

Because of the limited range of the hand-held two- 
way radios, repeater stations are needed to pick up, 
amplify, and relay the signal from the portable radio. 
The two-way car radio of the patrol car could be used as 
a repeater for the cruiser patrolman since he would or- 
dinarily be found close to his car. Alternatively, re- 
peaters could be placed at fixed locations around the 
city, such as on top of precinct houses. 

Portable two-way radios available today are far from 
satisfactory: they need to be lighter, less bulky, easier to 
operate, and less expensive. Even though existing tran- 
sistorized units weigh only 2 or 3 pounds, this is too 
much weight, when added to the officer’s gun, flash- 
light, night stick, and other equipment he must carry. 

Furthermore, existing units are awkward to operate 
in emergency situations primarily because the officer must 
pull out the antenna and hold the radio so that the an- 
tenna is away from his body. Shirt sleeve, trouser leg, 
and earphone cord antennas have been developed, but 
they are very inefficient because of the loss resulting from 
shadowing by the officer’s body. Furthermore, current 
radios often experience difficulties in communicating from 
the inside of buildings. 

Existing radios for foot patrolmen are still too expen- 
sive. The average unit with attachments generally costs 
about $500 to $750. Most police departments, especially 
the smaller ones, cannot pay this high a price even if they 
are willing to tolerate the size and weight. 


Existing technology appears able to provide a a ie 
contribution in portable radios for foot patrolmen. The 
technology of microelectronics employing integrated ee 
cuits can greatly reduce the size and cost of units an 
provide increased reliability. Leading manufacturers in 
the microelectronics industry were contacted by the Task 
Force. There was a consensus of opinion that micro- 
miniaturized versions of current police radios would 
weigh about 12 ounces and could be manufactured at a 
cost of between $100 and $150 in lots of 20,000 or more. 
This would represent a four-fifths reduction in cost and 
a two-thirds reduction in weight. Estimated size, weight, 
and power characteristics of a microminiaturized version 
of current portable radios are as follows: 


Radio frequency power output__________--__-__-__-__-______ 2 watts. 
Audio poweroutnuts 2-2-2 2 ee ee ee 75 milliwatts. 


Transmitter efficiency of power consumption___ . 50 percent. 
Batteryiwelg hit: ensa= eee ee eee -. ¥% pound. 
Totaliwe ignites. ees eae ee eee _. 34 pound. 
COS eT C EN AS) epee ee ee $100-$150. 


Although microminiaturization of present equipment 
designs can significantly improve equipment and reduce 
costs, optimized design of the total communication chain 
between the officer on foot and the dispatcher may well 
bring about even greater improvements with possibly fur- 
ther reductions in equipment cost and weight. 

One of the first steps in optimizing the design of port- 
able radio systems would be to compare equipment per- 
formance at the different police frequencies, including 
possible new allocations. It is possible that penetration 
of buildings and effectiveness of antennas worn on the 
body might make higher frequencies superior to presently 
used frequencies. In addition, natural and man-made 
noise is lower at the higher frequencies. However, foli- 
age loss tends to increase with frequency. There may 
well be other factors that would dominate the choice of 
frequency. Table 8 summarizes the relationship between 
some of the performance factors and frequency. 

There is very little test data available on frequency 
propagation characteristics in a city environment which 
can be used for system design. In some tests, Motorola ** 
found that transmissions at about 900 MHz penetrated 
into tunnels better than lower frequencies now in use. 
These indications tend to be supported by work carried 
out at Bell Telephone Laboratories.3*° To clarify these 
issues, a test program should be conducted to perform a 
comparative evaluation of frequencies in the range from 
150 to 3000 MHz for police communications. 

If the potential of the higher frequencies were realized, 
it would be possible to design equipment that would be 
much less awkward to operate in emergency situations 
and that might provide much more reliable communica- 
tions, particularly from the inside of buildings. This may 
lead to important reductions in the size and the cost of 
the battery, which would be important because battery 
weight and cost represent a large portion (perhaps as 
much as 40 percent) of the weight and cost of the entire 
microminiaturized unit. 


8% C. J. Schultz, ‘Is 960 Me Suitable for Mobile Operation?”’; Motorola internal 
paper; undated. 
*8W. Rae Young, Jr., “Comparison of Mobile Radio Transmission at 150, 450, 
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Table 8.—Performance Factors vs. Frequency of Portable Police Radio Equipment 


Body worn antenna 


Frequency 
Gain with respect to a half-wave Body shadow loss 
dipole 
150) MHzeeeee eens = 8 ton 5 \dhe eta a sito -9 Ae raver leg or ear- 
phone cord). 
450 \MHzei22 2 ee —Bitoi—sid betes. esr —8 to —9 db (trouser leg or ear- 
960 MH phone cord). 
Ph apa Oto Fd be te eee. ~) db (head or shoulder antenna)_ 
2000 MHz_________ PAMNOM Rd ODe acon ~0 db (head or shoulderantenna)_ 


ADDTOCIADIEGe saree soon eo. 


Industrial and manmade noise Foliage loss Building penetration ability 


Uncertain. 
Known to be better than 150 
MH 


Unoertainscs.2-2-22-—5 
More than at 150 MHz-__ 
More than at 450 MHz_- 
More than at 960 MHz__ 


Less than at 150 MHz______--_- 
Less than at 450 MHz______-__- 
Probably less than at 960 MHz__ 


z. 
Indications of being better 
than at 450 MHz. 
Uncertain. 


The motorized police officer can take advantage of his 
powerful and reliable car radio when he is on foot away 
from his car by such means as: 


Making the car radio detachable so that he can 
carry it with him. 

Making the car receiver detachable and giving 
the officer a separate short-range transmitter 
whose signal would be rebroadcast by the car 
transmitter. 


Developing a simplified transceiver to com- 
municate with a matched unit in the car 
connected to the two-way car radio for rebroad- 
casting. 

Having a car radio capable of being switched to 
a simple repeater mode and providing the officer 
with a transceiver operating on base-station 
frequencies. 

Developing a simple short-range signaling de- 
vice that could signal the car and trigger an 
automatic call for help. 


Each of the above techniques, discussed in appendix E, 
would provide the motorized patrolman with a relatively 
reliable means of communication when he is away from 
his vehicle. Each of the techniques is feasible and each 
has advantages and limitations discussed in appendix E. 

While the desired radios both for the foot patrolman 
and the patrolman away from his car appear to be 
producible, a mass market is needed. No single police 
agency, not even the largest ones, represents sufficient 
market potential to support a microminiature component 
production line at the price level indicated. 

The Federal Government should assume the leadership 
in initiating the development of these portable police 
radios. The possible approaches include disseminating 
the results of a market survey to potential suppliers, pay- 
ing for a major part of the development costs, or guaran- 
teeing the sale of an initial production run of perhaps 
20,000 units. 

The Government should assign to an existing operating 
agency the responsibility to manage this program. That 
agency should call on the advice of both large and small 
police departments, and should conduct tests and studies 
to establish the specifications for a family of radios. 
They should work with industry to solicit bids on the 
radios and monitor its development. 


DIGITAL COMMUNICATIONS 


Although voice is an indispensable mode of communi- 
cations for patrol vehicles, it has a number of limitations: 


It is very wasteful of the already overcrowded 
radio frequency spectrum. 


It provides no protection against unauthorized 
interception of official police communications 
unless expensive scramblers are employed. 

It does not create a written record. 

It is subject to phonetic errors. 


It cannot be received by an unattended patrol 
car without special recording equipment. 


These problems could all be alleviated by augmenting 
the voice radio by some form of digital communications 
link. This would improve the bandwidth efficiency in 
using the network and would also permit direct commu- 
nications between a police officer and a computer—for 
direct inquiry regarding a stolen auto, for instance. A 
number of manufacturers have recently developed tele- 
printers suitable for installation in patrol cars. These 
provide security of transmission and a written copy of 
the message even if the car is unattended. On the other 
hand, any message that must be read imposes on the 
officer’s most busy sense—vision—especially when he 
operates as a one-man patrol. 

The teleprinter signal can be narrow-band, thereby of- 
fering a potential for much more efficient use of the avail- 
able spectrum. Operational tests will show how much of 
that advantage is reduced by the need for redundancy of 
transmission to compensate for errors which result from 
the many nodes in received signal power that exist in 
urban communities. Although some transmission errors 
will occur while the vehicle is in motion, there are various 
ways to reduce the error rate. Study is needed on the 
best means for integrating teleprinters into the police 
communications system both operationally and techni- 
cally. Also, studies are needed to identify the most 
appropriate error-reducing techniques to use. A receive- 
only teleprinter could receive the routine broadcast 
messages, such as stolen-car reports. In order to provide 
a two-way digital link, an encoder unit would have to be 
added to the teleprinter. With this capability, a patrol 
officer could communicate directly with an on-line com- 
puter. Receive-only teleprinters cost about $1,000 to 
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$2,000 each and two-way teleprinters units would cost 
about $3,000 to $6,000 per car. 

Simple coded signal transmitting devices for field units 
are technically feasible. These units could be used to 
forward such information as availability (e.g., available, 
out-of-service, occupied but available) for priority assign- 
ment, using the “10-series” of codes.*7 If the number 
of possible coded messages is small, a simple set of switches 
on the control head of the car radio could code the 
message. ‘The officer could flip the appropriate switch 
and an automatic signal on the vehicle’s identification 
and availability would be sent to the communications 
center. An indicator light could stay on to remind the 
officer of his last report. 


POTENTIAL FOR STANDARDIZATION 


Standardization of police mobile equipment should con- 
tribute substantially to field efficiency. A police officer 
is not always in the same car with the same equipment, 
and he must often operate the radio equipment while his 
attention is elsewhere. Standardization of the controls 
will avoid fumbling, distraction, and errors. Standardiza- 
tion of such basic details as cable connections and mount- 
ing brackets will make a police department less dependent 
on its previous supplier in purchasing spare parts or re- 
placement equipment. The ability to accept competi- 
tive bids should increase the chances of a lower price. 
Equipment standardization should be nationwide in 
scope since there are only a few major mobile radio sup- 
pliers and there is little practical justification for limiting 
standardization to a local area. 

Standardization could overcome disadvantages in 
present police radio equipment such as the following: 


Patrol cars fitted with cabling and racks for one 
make of equipment cannot accept equipment 
of another make without substantial modifica- 
tion. 

Few parts are common among different makes 
of equipment, complicating the inventory 
problem. 

Test equipment that is designed for use with one 
manufacturer’s equipment frequently cannot be 
used with similar equipment made by another. 


Dissimilarity of circuitry places additional train- 
ing requirements upen maintenance personnel. 
Dissimilarity in the way operating controls are 
positioned and variations in their function com- 
plicate the operational problem. 

Equipment of one manufacturer is not always 
electronically compatible with the equipment 
of another. For example, the selective signal- 
ing system of one manufacturer’s equipment 
generally will not operate another selective 
signaling device. 

Standardization limited to items such as cable connec- 
tors, mounting hardware, and control heads could be 
implemented within a relatively short time and should 
provide very positive benefits in terms of operations and 
maintenance. 

Thus, a program of nationwide standardization of 
police mobile radio equipment should be established. 
The standardization program should be limited to con- 
siderations of basic equipment compatibility such as the 
following: 

Sockets and plugs. 

Terminal strips and the utilization of the in- 
dividual terminals. 

Housing dimensions. 

Mounting racks and baseplates. 

Control heads. 

Selective signaling techniques. 

Crystals and crystal holders. 


The Associated Public Safety Communications Officers 
(APCO) has taken the position °° that the standardiza- 
tion of control heads is of fundamental importance. 
With APCO’s encouragement, Mr. David Niblack ®® of 
the Colorado Highway Patrol has designed a standard 
radio control head. This program is described in more 
detail in appendix E. 

Because of the complexities in extending the scope of 
standardization, the further possibilities should be ex- 
plored and developed on the basis of experience in this 
limited standardization program to assure that its benefits 
can be obtained without having a negative effect upon 
manufacturers’ efforts to improve their products. 


87 Associated Public Safety Communications Officers, Inc.; “APCO Public Safety 
Communications Procedure Manual.’ 

*8 Personal Communication with Mr. Leslie M. Walker, Chairman, APCO Engi- 
neering and Research Committee. 


39 Niblack, D. L., “‘New Concepts in Mobile 


Control Console Design,” APCO 
Bulletin, vol. 32, No. 9, Sept. 1966. ie : 


Chapter 4 


Aspects of Court Management, 
Corrections, and Crime Prevention 


Although the major emphasis of the Task Force’s work 
focused on police apprehension operations, a significant 
effort was directed at the problem of reducing delay in 
processing defendants through the courts. In addition, 
some work was done on two aspects of corrections—the 
use of programed learning techniques to aid rehabilita- 
tion and the use of statistical techniques to aid both 
sentencing and correctional decisions—and technological 
aspects of crime prevention through reducing opportuni- 
ties for crime—redesign of automobile components to 
make auto theft more difficult and street lighting. These 
studies are discussed in this chapter. In addition, a num- 
ber of other possible applications of science and tech- 
nology, which have not been studied in detail, are 
mentioned. 


COURT OPERATIONS—REDUCING DELAY 


It is a basic precept of our society that justice should 
not be administered with one eye on the clock and the 
other on the checkbook. It is often the fact, however, 
that justice in the United States is rationed because of the 
limited resources at its disposal and the inefficient way 
in which they are used. At the same time justice may be 
effectively denied because of inordinate delays between 
arrest and final disposition. The techniques of modern 
management technology can help to achieve the most 
efficient use of the available resources, within the limits 
of procedures designed to ensure the due administration 
of justice. 

The Task Force has focused its attention on the proc- 
essing of defendants through a court, with special em- 
phasis on the reduction of delay. Various solutions to 
the problem of delay have been suggested by judges, 
lawyers, and court administrators. Whether or not any 
of these solutions would indeed reduce delay can only be 
determined after they have been put into effect. In order 
to make preliminary tests of some alternatives without 
disrupting the operating courts, the Task Force examined 
the feasibility of using computer simulation techniques 
for experimenting with various modifications in the crim- 
inal court processing system. The judicial decision mak- 
ing process was not 2 subject of this study. 

Because court systems in the Nation differ in organiza- 
tion and procedure, no single model will serve to repre- 


sent them all. The approach taken was to test the 
feasibility of simulating one of these systems, namely the 
system for processing felony defendants in the District of 
Columbia. The steps followed were: 


(1) Describing in detail the organization and struc- 
ture of the court system for processing felony 
defendants; 


(2) Analyzing the available data on felony defend- 
ants in the U.S. District Court for the District 
of Columbia to determine the distribution of 
total time to disposition, time intervals between 
major events in the system, potential areas of 
delay and possible causes ; 


(3) Developing a computer simulation of the proc- 
essing of felony defendants in the District of 
Columbia trial court system which: 


a. Operated like that observed in the data 
(i.e., to produce the average time in- 
tervals between steps in the process sim- 
ilar to those observed in the data) ; 

b. Could be manipulated to investigate 
possible organizational or procedural 
changes in the system and to measure 
their impact on delay and on resource 
requirements. 


THE DISTRICT OF COLUMBIA COURT SYSTEM FOR PROC- 
ESSING FELONIES 


The various steps and the associated resources for 
processing felony defendants in the District of Columbia 
court system are shown in simplified form in figure 12. 
The first step is presentment, which occurs before a judge 
of the Court of General Sessions (the general jurisdiction 
court of first instance of the District of Columbia) or the 
U.S. Commissioner. Both are available for presentment 
and preliminary hearing in felony cases. Presentment is 
often preceded by a review or screening of the case by an 
Assistant U.S. Attorney, Court of General Sessions Divi- 
sion. He determines whether to reduce the felony charge 
to a misdemeanor, to terminate the case (“no papering”’) , 
or to proceed with prosecution. 
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FIGURE 12. 
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Court of General Sessions. 
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No probable cause. 


Dismissed by Assistant U.S. Attorney, 


4 
One Assistant U.S. Attorney, Grand Jury Division, spends 2-4 hours on Tuesdays and Thursdays at 
U.S. Commissioner's office for preliminary hearings and disposition of cases. 


The case is next processed in the office of the U.S. 
Attorney, Grand Jury Unit. It is screened again and 
calendared for presentation to the grand jury. The grand 
jury votes an indictment if there is concurrence of 12 or 
more of the jurors. Thereafter, the indictment is signed 
by the foreman and by the U.S. Attorney and returned 
(generally on Monday) in open court. 

Arraignment is the next step. It is generally a per- 
functory proceeding in which the accused appears, is ad- 
vised of the formal charge and enters a plea—usually 
not guilty. At about this time the case is assigned to an 
Assistant U.S. Attorney who will probably handle it until 
final disposition, and a defense counsel is appointed by 
the court for a defendant who cannot afford counsel. 

Following arraignment, trial preparation proceeds, mo- 
tions are filed and heard, the case is placed on a calendar 
and, finally, progresses to trial. Only about 30 percent of 
the 1965 dispositions resulted in a trial; approximately 
95 percent pleaded guilty to the offense charged or to a 
lesser offense prior to or during trial. The remaining 
15 percent of the defendants were dismissed. 


TIME DELAY IN PROCESSING FELONIES 


The time delay problem was approached by analyzing 
in detail the data on 1,550 felony defendants whose cases 


commenced by filing of indictment or information in the 
U.S. District Court for the District of Columbia in 1965.4° 
The time periods that these defendants were in the court 
system were compared with the timetable developed by 
the Commission’s Administration of Justice Task Force. 
That timetable proposes that the period from arrest to 
trial of felony cases be not more than 4 months, with a 
maximum of 14 days from initial appearance to formal 
charge. The circled numbers in figure 13 show a further 
breakdown of maximum time periods between the various 
steps in the processing of felony cases as recommended 
by the Commission. Also included in this figure are the 
50th percentile (median) , 80th percentile, and 100th per- 
centile (maximum) times observed in the 1965 District of 
Columbia data. Measured against the recommended 
timetable and evaluated in terms of best estimates of 
actual court and attorney time spent on consideration of 
a case, it can be seen that appreciable delays do exist. 
For example, 50 percent of the defendants who waived 
preliminary hearing had an elapsed time between present- 
ment and return of indictment of greater than 42 days, 
whereas 20 percent had an elapsed time greater than 
72 days. The maximum observed time was 269 days. 
From arraignment to guilty plea the elapsed time for 
50 percent of the defendants exceeded 64 days, whereas 
20 percent had elapsed time greater than 124 days, with a 


A more detailed description and analysis of the District of Columbia felony 
data is presented in appendix I. 
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maximum observed time of 463 days. The timetable 
recommends a maximum of 63 days between arraignment 
and trial. 

In summary, one-half of the defendants who pleaded 
guilty or were dismissed were in the court system longer 
than 4 months, 20 percent longer than 7 months. The 
defendants who went to trial took a median time of over 
5 months from initial appearance to conviction or ac- 
quittal, 20 percent longer than 9 months. Contrary to 
generally held beliefs, motions were not the main cause 
of delays. Only one-half of the defendants filed one or 
more motions; however, one-half of these were filed more 
than 40 days after arraignment. 

Experienced lawyers have pointed out that most of the 
steps in the actual processing of felony defendants require 
very little actual court time. The initial hearing for a 
defendant takes only a few minutes; a preliminary hear- 
ing usually takes between 15 and 30 minutes; a grand 
jury can hear, deliberate, and vote on the average case 
in less than 30 minutes; arraignment takes a few min- 
utes; most motions can be heard in 10 minutes. A guilty 
plea requires as much court time as it takes a defend- 
ant to answer a dozen questions. The court time spent 
on a defendant who pleads guilty (approximately one- 
half of the felony defendants) probably totals less than 
1 hour, yet in the District of Columbia the median time 


from initial appearance to disposition is 4 months. The 
data indicated that one-third of the time was spent wait- 
ing for return of the grand jury indictment. After ar- 
raignment on the indictment, additional time is required 
for the preparation of the necessary papers. But for the 
typical case, the actual time devoted to this process is a 
few days at the most, not weeks or months. 


COMPUTER SIMULATION OF PROCESSING FELONY CASES 


To study the impact of alternative methods of alleviat- 
ing the delay in the processing of felony cases, the Task 
Force developed a computer simulation of the court proc- 
essing activity. The simulation permitted experimenta- 
tion with the court operating procedures with no disrup- 
tion to the actual court operation. To make best use 
of the limited time available, an established simulation 
language was selected, IBM’s General Purpose Systems 
Simulator (GPSS). The language, designed primarily 
for simulating industrial production processes, proved 
quite adequate to handle the court process. 

The resulting model, called COURTSIM, is described 
more fully in appendix I. Figure 14 is a flow diagram 
of the process as it existed in the District of Columbia 
Court system. The circles represent processing units or 
“milestones” in the processing of a felon. For example, 
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FIGURE 13. 
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50% = 50th percentile. 50% of the defendants 
had times which exceeded the value shown. 
80% = 80th percentile. 20% of the defendants 
had times which exceeded the value shown. 
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Maximum number of days recommended by the Administration of Justice Task Force. 


the circle labeled PRS represents the Court of General 
Sessions, U.S. Branch, where the defendant makes his 
first appearance before the courts. The circle labeled 
USC represents the U.S. Commissioner, where defendants 
can also be presented. The arrows from one circle to 
another indicate the possible paths that the processing of 
a defendant may take; for example, from ARR (arrested) 
he may be presented to the U.S. Commissioner or his case 
may be discussed with the DAA (an Assistant U.S. Attor- 
ney, General Sessions) for possible presentment at PRS. 
Finally, the squares represent possible locations in the 
process where a defendant may exit from the system due 
to a dismissal, reduction of the charge to a misdemeanor, 
“no paper,” etc. 

The numbers on the arrows represent the percentage 
of defendants from each processing unit which take the 
indicated path. These percentages were estimated from 


the data and by staff members of the President’s Commis- 
sion on Crime in the District of Columbia. 

COURTSIM was used to simulate the flow of the 1965 
felony defendants through the District of Columbia court 
system. As the model is presently designed it does not 
handle the small percentage of cases that require excep- 
tionally long times between events in the system; these 
could be incorporated into a later version, 

The results of several of the simulation runs are pre- 
sented in table 9 with a summary of a few of the more 
Important time intervals starting from presentment of 
the defendant. The first row presents the median times 
from the 1965 District of Columbia data. The last row 
presents the recommended timetable of the Administra- 
tion of Justice Task Force. The other rows contain the 
times generated by computer simulation runs. 

The second row is a time summary of the simulation 
using the conditions in 1965. In 1965, one grand jury 
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was sitting and an average of five district court judges 
were assigned to the criminal part of the court. Under 
these conditions, the simulation reflected the actual court 


operation. 


Table 9—Representative Felony Processing Times in Days 


COURTSIM run 


Return of 

indictment 
1965 data (median days)---- ------------------------------------ 40 
1965 basic #..------.. Se 47 
1965 basic with grand jury queue eliminated. _-.-.---------.------- 16 
1965 basic with grand jury queue eliminated and zero transit times__- 6 
1965 basic with all cases processed through U.S. Commissioner-.---- -- 61 
1965 basic with rule 87; guilty pleas at 30 percent_.--.-----.------- 38 
1965 basic with rule 87; eliminated queue at grand filry..=..-2--.--- 7 
Administration of Justice Task Force model timetable (maximum days) 14 


1 Cases with at least one motion. 


2 First motion decided. 


3 To trial date. 


Arraignment 


Guilty plea 


In both there was an average time of approxi- 
mately 6 weeks between initial presentment and the return 
of an indictment, and an average of at least 13 weeks from 


Presentment to 


; End of 
Dismissal motions ! 
134 148 
122 152 
LO Pals 5: Set ac Soop 
toe See ae SPs 4 
i US less aa Sa Seas 
58 70 
27 39 
SEE Sh. ahead 255 


Ready for Time in queue 
trial at grand jury 
unit 
3167 ? 
160 36 
127 8 
56 <1 
164 45 
88 31 
57 <1 
80 


4The mean number of days is used in rows 2-7. 
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FIGURE 14. 
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arraignment to beginning of trial. The close correspond- 
ence between the actual and the simulated times suggests 
that the model is a valid representation of actual opera- 
tions. 

The simulation indicated that most of the time prior 
to arraignment was spent in the Grand Jury Unit await- 
ing return of indictment (5 out of 7 weeks). By simulat- 
ing the system with a second grand jury sitting part of the 
time, the time spent in the Grand Jury Unit was reduced 


from 5 weeks to less than 1 week, resulting in a time of 
approximately 2 weeks from initial presentment to return 
of the indictment. This is shown in line 3 of table 9. 
Thus, it appears that for a cost of probably less than 
$50,000 per year for the additional grand jury and asso- 
ciated support resources, the delay from presentment to 
return of indictment could be reduced by 70 percent. 
The total time until the defendant is ready for trial would 
be reduced from 160 days to 127 days. 
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The fourth row gives a lower bound on the average 
times if, in addition, all transit times were eliminated, 
i.e., as soon as one processing stage finishes with a defend- 
ant, he proceeds immediately to the next and waits only 
if the next processor is unavailable because of weekends 
or he is busy. If such a condition had existed in the Dis- 
trict of Columbia courts in 1965, a defendant would take 
an average of approximately 2 months after presentment 
to be ready for trial. Comparing these times with that 


of the last row (the Administration of Justice Task Force 
recommended maximums), one can see that the time- 
table appears to be reasonable. 

An organizational change was next examined, namely 
the preliminary processing of all defendants was done by 
the U.S. Commissioner (instead of by both the Commis- 
sioner and the U.S. Branch, Court of General Sessions) . 
The results of this run (row 5) indicate that the work- 
load on the Commissioner was not excessive and that the 
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time from presentment to return of indictment was not 
significantly increased. 

An additional example of the use of the simulation 
is in examination of the possible consequences of changes 
in defendants’ behavior resulting from changes in court 
procedure. Accordingly, the inputs to COURTSIM 
were modified to reflect some of these procedural changes 
and potential effects. These modifications include such 
factors as (1) a decreased number of defendants pleading 
guilty, a possible result of the Bail Reform and the Crim- 
inal Justice Acts; (2) a delay in the entry of a guilty plea; 
and (3) the amendment of rule 87.4: In addition, the 
current calendaring system was incorporated under 
which cases are scheduled for trial with priorities given 
to jailed defendants and old cases. The 1965 workload, 
in terms of number of defendants and their general flow 
through the system, was used in these simulations. Rows 
6 and 7 show the average times with one grand jury 
sitting regularly and with an additional grand jury sitting 
when necessary (to keep the average waiting time in the 
grand jury unit under 1 day). The results of these runs 
of the simulation indicate that by requiring motions to 
be filed and heard according to rule 87 and increasing 
the grand jury resources, the average time from arraign- 
ment to ready for trial was halved from 15 weeks (Row 
2) to approximately 7 (Row 7). The average time from 
initial presentment to ready for trial was 57 days or 
approximately 2 months. Adding 1 month for the time 
from ready for trial to sentencing suggests that, on the 
average, the overall processing times would be less than 3 
months as opposed to the 6 months (160 days plus 1 
month). The time to guilty plea or dismissal is similarly 
reduced significantly, as is shown in those columns. 

The above analyses indicate that the timetable of the 
Administration of Justice Task Force is practical. More 
generally, simulation appears to be an effective tool for 
examining reallocation of existing resources or efficient 
allocation of additional resources. 

A critical factor in the above simulation runs was the 
required versus the available processing times associated 
with each step of the process (e.g., indictment, trial). 
Since data were generally not available, these times had 
to be estimated from direct observations and from officers 
of the court. The estimates appear to be reasonably 
accurate for the simulation to reflect the actual system in 
all the stages of the process up to trial. Although the 
estimates of the required and available trial times were 
based on the best available data as described in detail in 
appendix I, they may be optimistic. Further analysis of 
available and required trial times is required in order to 
investigate the sensitivity of the results to deviations in the 
estimated times used in the above simulations. 

An important immeasurable factor not accounted for 
is the effect of changes in processing on the actions of 
defendants and court officials. The human in the system 
adapts to his environment and any changes made to it. 
The model assumes the various changes made will not af- 
fect the feedback process. For this reason, before any 
changes can be seriously proposed, the results of the 


simulation must first be thoroughly analyzed and discussed 
in detail with the court officers. : 

The major conclusion of this study is that simulation 
of the court process is indeed feasible, and properly used, 
can be a useful tool to the administrator of a court. The 
development and use of such a tool requires the collection 
of the relevant data. The simulation techniques de- 
veloped here should be extended to several large urban 
areas as pilot studies with Federal support to determine 
their applicability to other court systems and to develop 
them in further detail. 


OTHER POSSIBLE APPLICATIONS 


There are a number of other areas in which science and 
technology appears to be applicable to court operations. 
Although the Task Force did not explore these in detail, 
they appear to warrant further examination. Some of 
these are summarized below. 

As new instrumentation techniques, such as voice prints 
and neutron activation analysis, are developed, objective 
laboratory tests can be undertaken to test their validity 
and to provide guidance in evaluating testimony based 
on them. This can take place in laboratories apart from 
specific court cases rather than only waiting for the ac- 
cumulation of case by case decisions. 

Modern techniques of recording, such as magnetic tape, 
TV recording, and computer transcription of steno- 
graphic records might provide rapid and possibly in- 
expensive records of courtroom proceedings. 

Many decisions made by appellate judges can have far- 
reaching ramifications on operations throughout the 
criminal justice system. Competent collection and anal- 
ysis of data relevant to these decisions can help the 
judges weigh the impact of these decisions on criminal 
justice operations. 

In court management, improved scheduling procedures 
might be useful in assigning court resources to cases. 
More efficient communications might help in handling the 
logistics of individual cases by bringing together the nec- 
essary resources at the appropriate time and place. Elec- 
tronic calling systems, for example, could be provided 
to witnesses for impending cases so that they could be 
called on short notice even if inaccessible by telephone. 

Clerical improvements in court administration, such as 
improved docketing systems, redesign of forms, use of 
simple computers, and other matters of basic business 
practice could improve court efficiency, 


CORRECTIONS—PROGRAMED LEARNING 
AND STATISTICAL AIDS TO DECISIONS 


One of the important objectives of the criminal justice 
system is the rehabilitation of identified offenders. But 
the pursuit of this objective has met with only limited 
success. Most arrests are of people who have previously 
been arrested. The FBI reports ** that 75 percent of the 


fingerprints sent them by police departments are already 


*! Amended rule 87 of the U.S. District Court for the District of Columbia which 
became effective October 1966 provides that motions are to be filed within 10 days 
of arraignment and heard the second Friday thereafter; arraignments are to be 


held the second Friday after the return of the indictment. 


8 Law Enforcement Bulletin; February 1967; p. 24, 


in their criminal files. Of these people who have been 
to prison, over 30 percent return for another term. 

A major source of the problem is the sheer number of 
offenders corrections agencies must treat with their limited 
resources in funds and trained manpower. In 1966 there 
were about 1.3 million people under correctional supervi- 
sion on any given day. Projections developed by the 
Task Force and shown in figure 15 estimate that there will 
be over 1.8 milion people under correctional supervision 
by 1975.44 
_ Corrections involves both rehabilitating and maintain- 
ing custody of offenders. There are two elements of 


FIGURE 15. PROJECTIONS OF U.S. CORRECTIONAL POPULATION, 1967-75 
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custody—amaintaining the well-being of prisoners and pre- 
venting their escape. The problems of maintenance are 
very similar to those of operating any large residential 
institution. 

A full spectrum of techniques is available to assist in 
preventing escape. Security technology can find many 
uses in prisons. Electrically controlled locks, doors, ramps, 
and walks can be used. Closed-circuit TV cameras, re- 
motely trainable, can scan hallways and other general 
areas. Electric eyes, pressure devices, and other alarm 
sensors, can detect the presence of persons, especially in 
perimeter areas. Alarm sensors could be used to replace a 
fixed guard post, which costs about $30,000 a year to man 
continuously. The design of modern prisons, built around 
a variety of correctional programs and organized to facili- 
tate rehabilitation rather than merely providing facilities 
for eating, sleeping, and exercising, is an important chal- 
lenge that modern architecture is beginning to meet. 

There has also been discussion concerning uses of tech- 
nology in maintaining security in community treatment 
programs, which are receiving increasing emphasis in 
corrections. Innovations of this sort might make it pos- 
sible for larger numbers of offenders to be safely placed in 
the community. For example, it would be technically 
feasible to imprint the hands of some habitual check 
forgers with a mark, designed to wear off after a specified 
time, visible only under ultraviolet lamps kept in banks. 
It is not always clear, however, that the net effect of such 
techniques would be to help rehabilitation and reduce 
recidivism. Furthermore, their availability raises grave 
questions about their social value, and there is doubt 
whether any of them would be acceptable in a free society. 
As with many technological devices that raise such value 
questions, decisions whether or not to use them, even ex- 
perimentally, must be carefully weighed. 

Because of the inherently behavioral aspects of most 
rehabilitation problems, these did not receive major atten- 
tion by the Task Force. The Task Force did, however, 
look into one area of education technology, programed 
learning, to assess its potential to contribute to rehabilita- 
tion by improving academic and vocational skills. 

On a broader level, the Task Force also looked into 
the contributions which modern information technology 
could make to corrections operations. The many decisions 
which overlay the correctional process require, in addi- 
tion to experienced judgment, information regarding the 
likely consequences of alternative decisions. This infor- 
mation should be based on careful collection of data, 
processed to make it available in a usable form. The 
timely and complete information from the integrated in- 
formation systems discussed in chapter 6 would make an 
important contribution to improved decisions. 

Data fed into the computers of an information system 
could be rendered more reliable and valuable by using 
modern statistical techniques of experiment design, and 
the output could be made more meaningful and useful 
by using appropriate techniques of multivariate statistical 
data analysis. Some of these techniques are briefly dis- 
cussed below. 


44 The bases for these projections are set forth in app. B of the Corrections 
Task Force report. In general they assume that national trends bs arrests, con- 
victions and release rates will continue. — Data with respect to tren: is ae 
to probation or institutions are not available on a nationwide cant, habe ae 
the projections use California data for this sag ali ogee a 4 
particular emphasis on increasing the use of probation. ile suc Meg s i 
] to other jurisdictions over the next decade, the use of California 
Its in some overestimation of the number of persons who will be 


on probation and underestimation of the number of persons who will be in institu- 
tions and on parole. Moreover since probation terms average somewhat longer 
than institutional terms, use of the California data also probably results in an 
overestimate of the total number of persons who will be under correctional author- 
ity in 1975. If sentencing trends had been held constant in the projection, the 
estimated total correctional population in 1975 would be about 7 percent lower than 
that shown in fig. 15 and the estimated percentage of the U.S. population that 
this represents reduced accordingly. 
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PROGRAMED INSTRUCTION TO AID REHABILITATION 


The great buJk of crime and delinquency in the United 
States is committed by males in an age group extending 
from the middle teens to the early twenties. In 1965, the 
group from 15 through 21 accounted for over one-quarter 
of the arrests reported in the FBI’s “Uniform Crime Re- 
ports’, and over one-third of the arrests for offenses other 
than drunkenness. Most of these individuals begin their 
criminal or delinquency careers while still juveniles. 

Many delinquent careers are associated with failure in 
school. It is a short route from academic failure to 
dropping out of school, to idleness and unemployment, 
and then entry into a spiraling criminal career. Some 
dropouts fail because they cannot adapt to a classroom 
social situation. Were there some alternative way of edu- 
cating them, they might find a rewarding place in the 
community and refrain from crime. 

The populations treated in correctional programs are 
usually composed of individuals in their late teens or early 
twenties. Although they are generally not particularly 
deficient in basic intelligence, most of them are at an 
educational level somewhere in grade school.*® Many 
are ripe for rapid advancement through the next few 
grade levels if the proper means could be found. 

Few of those leaving correctional institutions, includ- 
ing those leaving juvenile reformatories, return to school. 
One of their principal needs is for the steady income of a 
secure job. From society’s point of view, there is no better 
way for them to obtain their livelihood. The opportu- 
nity to upgrade these people may exist only while they are 
in the correctional system, an average time of less than 2 
years. Thus, if they are to be significantly helped, they 
must make up lost years of education in a matter of 
months. 

Programed learning seems to offer one way to help do 
this. It is currently being conducted with published 
booklets in at least two correctional institutions and 
experimentally with computers at several research cen- 
ters. The basic technique of programed instruction is 
that of breaking the learning process down into a number 
of specific steps to be completed by the student, with 
immediate reinforcement contingent upon successful 
completion. The steps may be large or small, depending 
upon how much the student can reasonably negotiate.*® 

The student works through the educational material 
on his own, testing his understanding at frequent inter- 
vals. Whenever his responses exhibit lack of compre- 
hension, he is diverted back to correct his deficiency. 
He works at his own pace, he checks his own perform- 
ance, and he can do most of this alone. The methods of 
programed instruction are geared toward having the 
particular student achieve a desired level of competence 
in a given section of knowledge at a rate compatible with 
his individual capacity to learn. A learning program is 
completed only when the individual student is brought up 
to the desired level of competence. 

Experiments with high school students suggest that 
such teaching techniques may be particularly effective in 


improving the learning of students whose motivation iB 
learn in ordinary classroom situations has been destroye 

by years of failure. This expectation has been borne 
out by the experience with programed instruction at 
Job Corps centers throughout the Nation. Since the 
population of correctional institutions 1s largely com- 
posed of individuals with such a history of failure experi- 
ence, it would appear that programed instruction 1s 
particularly appropriate for them. 

Several correctional institutions have begun pilot proj- 
ects which involve academic programed instruction. At 
the CASE experiment at the National Training School for 
Boys in Washington, D.C., programed instruction was 
part of an experimental attempt to establish reasonable 
behavior patterns by rewarding good behavior by sub- 
jects under continuous supervision.** During the pro- 
gram’s 2 years, it showed considerable success. 
Over 90 percent of the boys involved achieved an aca- 
demic upgrading exceeding 4 school years during the first 
6 months of 1966. 

For the past 4 years, the Rehabilitation Research Foun- 
dation at the Draper Correctional Institute,*® in Elmore, 
Ala., has been conducting an academic educational proj- 
ect using programed materials almost exclusively, with an 
occasional lecture by a guest speaker. The academic 
instruction at Draper covers more than 350 courses, rang- 
ing from literacy training to college preparatory work.* 
Students spend 35 hours a week on their academic courses 
and have found that only 1 percent of the students fell 
below the 85-percent requirement on final mastery tests. 

In addition, for the past 2 years vocational training 
programs have been conducted at Draper using pro- 
gramed learning aids. The programs have been inte- 
grated into vocational courses covering barbering, brick- 
laying, welding, electrical appliance repair, radio-televi- 
sion repair, automobile servicing, and technical writing, 
These courses were set up to correspond to job placement 
potentialities in the vicinity of Elmore. The learning 
programs used in these vocational courses were developed 
and written by the Rehabilitation Research Foundation 
at Draper. As of early 1966, over 25 vocational booklets 
were either published or in preparation. The entire 
vocational training program at Draper costs slightly less 
than $1 per student hour. This includes the cost of voca- 
tional instruction, counseling services, and the cost of 
developing, writing, and publishing the programs. 

The introduction of computer assistance in programed 
instruction courses has potential for handling many more 
students with more complex programs. ‘Their present 
costs are somewhat greater than the manual techniques. 
The IBM Instructional 1500 series rental costs are in the 
order of $1.50 to $2 per student hour. The cost of 
constructing a computer instructional program is pres- 
ently estimated to run from $2,000 to $6,000 per instruc- 
tional hour. It can cost as much as $10,000 per hour of 
instruction to write, test, and revise a good computer 
instructional program, and may take as long as 3 or 4 
years to do a good job. Some of these costs are likely 
to decline in future years. 


** The juvenile first-offender population contains the full range from the feeble- 
minded to the genius, with mean I.Q. in the lower part of the normal range. For 
example, the average 1.Q. of 100 boys and 100 girls in training schools in Iowa 


in 1955 was 99.4 for the delinquent boys and 94.1 for the delinquent girls, 
Delinquent boys are usually 2 to 4 years or more retarded in school level. See 
W. A. Lunden. Statistics on Delinquents and Delinquency, Thomas Publishing, 


Springfield, Ill., (1964, pp. 81, 88). 
© Gilbert, Thomas F., Mathetics, the Technology of Education, ‘Journal of 
Mathetics,"” 1-25, (January 1962). 


‘7 Cohen, H. C., Filipezak, V. A., and Bis, V. S., “Contingencies i 
Special Education of Delinquents: Establishing 24-hour Control in an ee 
Cottage,” Institute for Behavioral Research, Silver Spring, Md., 1966. 

48 Draper is one of three maximum Security institutions in Alabama, 

‘ Egeiton, John, Where They Try to Make Winners Out of Men Who Have 
Always Lost, ‘‘Southern Education Report,’’ May—June 1966. 


‘ In one study at Draper Correctional Center, it was 
ere ee the See completed 1 academic year of 
‘ag Pea as a ours of work with programed learn- 
pr acon a ae cost per academic year of 
ae es i was therefore well under $400. Based on 

pected contribution of each year’s schooling to 
future earnings,”® the discounted future taxes from that 
year’s schooling is about $800. This, alone, is more than 
enough to cover the cost of education, without considering 
the thousands of dollars of criminal-career costs saved, 
and, most Important, the improved chance of a fuller life 
for the individuals involved. 

About 70 percent of the first class of graduates from 
the Draper vocational school were men who had previ- 
ously been jailed, released, and jailed again. In its first 
2 years, 78 youthful offenders were graduated from this 
school, paroled and placed in jobs. Only four of them 
were returned to prison for commiting new crimes and 
six for technical violations of parole conditions.** Com- 
pared to the usually quoted one-third to two-thirds rate 
of return to prison,’ a return rate of between one-seventh 
to one-eighth looks very good indeed. However, these 
figures represent the result of only a preliminary field test 
of programed aids to vocational instruction. Much more 
careful and thorough experimentation, including a sample 
with a longer exposure time and comparisons to equiva- 
lent “control” groups, are needed before any definite 
conclusions concerning the amount of recidivism reduc- 
tion can be drawn. 

Programed learning appears to have significant advan- 
tages for educating the identified problem children who 
find their way into correctional institutions, and poten- 
tially also for crime-prone populations in the community. 
Its use should be encouraged, and further evaluated in 
controlled circumstances, using conventional teachers, or 
even fellow inmates, for supervision. 

On the basis of the foregoing considerations, it appears 
desirable for more correctional institutions to initiate voca- 
tional and academic programs with programed instruc- 
tion. Using booklet-type programed materials, one or two 
permanent staff members should be able to handle teach- 
ing loads in excess of 100. Part-time assistance for moni- 
toring and informal tutoring can frequently be obtained 
from students in local colleges or universities. Faculty 
members of local schools or colleges can be contacted to 
provide supplementary lectures when appropriate. 

Pilot projects should be established at selected institu- 
tions to assess the feasibility and practicality of computer 
assistance to both the academic and the vocational pro- 
grams in a correctional setting. The institution selected 
should also have conventional classroom and booklet- 
type programed learning courses in operation simultane- 
ously with the computer project, in order to provide a 
basis for a carefully controlled comparison. Careful 
records should be kept on the costs of each project, on the 
rate of achievement of students in each, and on significant 
features or peculiarities of each method. Student re- 
actions should be solicited and noted. Post-institutional 
followup of students in each group should measure both 


recidivism and vocational progress. 
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STATISTICAL TECHNIQUES TO AID DECISIONS 


There are many decisions which must be made in the 
operation of a correctional system for which statistical 
estimations of an individual’s probable future behavior are 
necessary. In deciding on probation or parole, infor- 
mation concerning the likelihood of the individual re- 
turning to crime is essential. In assigning a security 
classification, information concerning the reliability or 
trustworthiness of the individual is needed. In selecting 
a correctional program for an individual, an estimate is 
needed of the expected effects of each of the various pro- 
grams on the recidivism and general rehabilitation of 
such an individual. 

Just as important as the evaluation of the individuals 
being treated in a correctional system is the objective 
evaluation of the treatments themselves. The program 
managers must decide what kinds of treatment programs 
should be made available and to whom they should be 
applied. Yet, despite both the pressing need and the 
ready opportunity, the application of sound scientific 
methods in the field of corrections has been very slow 
in coming.°? 

Most of the information presently available bearing 
upon questions such as these is in either of two forms. 
First, there are many “rules of thumb” which have 
evolved out of experience and are justified or rationalized 
in large part on the basis of anecdotal histories of opera- 
tions. Second, there are many statistical tabulations of 
operations in which there was neither a control group nor 
an adequate characterization of the experimental group. 

In recent years, though, controlled correctional experi- 
mentation has become somewhat more widely employed. 
One example is the California Youth Authority's com- 
munity treatment project,** in which an experimental 
group was given community treatment and a control 
group was treated in an institution. Here an attempt 
was made to relate the parole revocation probability to 
type of treatment and to individual personality charac- 
teristics. Significant differences were found between the 
two treatments, and the difference varied strongly with 
the personality type.’ The experimental group was 
found to have only 60 percent as many parole revocations 
as the control group. Two of the six social types,°* how- 
ever, fared better under the institutional program, though 
the difference was not significant. Although the re- 
sults of this particular project are highly tentative, it does 
represent the beginning of a much needed effort to corre- 
late both individual characteristics and type of treatment 
to subsequent commission of crimes, rearrests, reconvic- 
tions and recommitments. 

Statistical analyses of large numbers of criminal-career 
histories will be required to provide these needed corre- 
lations. Statistical aids for helping in sentencing and 
selection of proper treatment of individuals under cor- 
rectional supervision should be developed. 

A wide range of techniques of statistical analysis are 
available, which one is relevant being dependent upon 


50 Based data from ‘Statistical Abstract of the United States, 1966;"’ De- 
pe ep Contaanee| Government Printing Office; Washington, D.C.; 1966; 

2 OB. a - 

51 McKee, John, Donna M. Seay, and Anne Adams, “Eighth Progress Report, 
Bape eal Denioneianton Project for Training and Placement of Youthful Offend- 
ers,’’ Draper Correctional Center, Elmore, Ala., Noy. 1, 1965-Feb. 1, 1966, p. 24, 

3 Glaser, Daniel, ‘‘The Effectiveness of a Prison and Parole System,’’ Bobbs- 


Merrill & Co., N.Y., 1964. 


53 Glaser, Daniel, Scientific Evidence on the Prison Potential, ‘‘Proceedings of 
the Ninety-First Annual Congress of Corrections,’ Am. Corr. Assoc., New York, 
1961, pp. 134-49. 

54 California Youth Authority (H. G. Stark, Director), Community Treatment 
Project: Research Report No. 6, 1965. 

55 The personality types were: Asocial-aggressive, conformist-immature, con- 
formist-cultural, neurotic-acting out, neurotic-anxious, and manipulator. 

5 Neurotic-anxious and manipulator. 
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the nature of the specific problem under consideration.®” 

Various forms of multivariate statistical analysis ®° can 
be used. Multiple discriminant analysis,° employing 
regression estimation techniques, can be used in cases 
where the events to be predicted are in discrete categories 
(e.g., types of crimes), rather than along some naturally 
ordered continuum (e.g., arrest rate). 

In addition to assisting in treatment selection, statistical 
techniques of experiment design must play an important 
role in correctional program development. testing, evalua- 
tion, and planning. Of all the behavioral areas, offender 
rehabilitation offers perhaps the best opportunity for rea- 
sonably careful experimental control to determine the 
effects of actions taken. There should be an expanded 
use of careful, controlled evaluation in the development 
of correctional programs. Program development should 
be preceded by careful studies of the specific correctional 
objectives, and testing should be conducted by personnel 
qualified in the behavioral sciences and in statistical 
analysis. 


REDUCING OPPORTUNITY FOR CRIME—AUTO 
THEFT AND STREET LIGHTING 


The problem of crime prevention is an extremely com- 
plex issue that ultimately requires dealing with the diverse 
causes of crime. The most basic means of preventing 
crime is by reducing the need or desire of potential of- 
fenders to engage in criminal activity. This can be 
accomplished by helping them individually through pro- 
viding fuller employment, better education, and personal 
counseling and therapy when needed. Even more funda- 
mentally, it can be addressed by reducing the many socio- 
economic causes of crime through programs which have 
objectives much broader than crime control alone. Those 
basic problems were outside the scope of the work of the 
Task Force. There are, however, a number of more 
immediate ways in which technology can address specific 
problems in crime prevention. 

The criminal justice system itself prevents crime by pos- 
ing a threat of apprehension and a risk of consequent 
punishment; by temporarily incapacitating criminals, 
especially potential repeaters, generally through incarcera- 
tion; and by rehabilitating past offenders. The focus in 
this section is on means outside the criminal justice system 
for crime prevention. 

Technology is directly applicable to reducing criminal 
opportunities through protecting or “hardening” targets 
of crime, by making them less vulnerable to theft and by 
inhibiting criminal activity. Homes and valuables can be 
protected by better safes and locks; magnetic inks can be 
used to curtail the use of bogus checks; photographs on 
credit cards would reduce improper use; eventually, store 
owners will be able to establish immediate identity and 
sufficiency of credit with the aid of electronic data 
processing. 

The automobile is a common target of theft which is 
particularly susceptible to devices of hardening. It ac- 


57 In mathematical terms, a typical problem is one of estimating R with the func- 
tion R=f(T,P) where R is the probability of recidivism, T is a set of treatment 


attributes, and P is a set of personal attributes of the individual. The function 
f is generally assumed to be linear, and the statistical problem is one of estimating 
its coefficients from the available data, and then finding the treatment T that 
minimizes R for each individual with attributes P. 

58 Anderson, T. W., ‘Introduction to Multivariate Statistical Analysis,”” J. Willey 
& Sons, New York, 1958. 

5? Miller, Robert G., Statistical Prediction by Discriminant Analysis, Am. 


Meterological Society, vol. 4, No. 25, October 1962; Rettig, S., Multiple Dis- 
criminant Analysis: An Illustration, ‘‘Am. Sociological Review,’ 13, 398-402, 1964. 


counts for about one-third of the part I crimes in the 
United States: Auto theft, larceny of auto accessories, 
and larceny from autos each represent about 11 percent 
of part I crimes. Design changes in automobiles making 
accesories such as hub caps, seats, radios and batteries 
less easily removed, could reduce the illegal traffic in these 
items. ; 

In addition to hardening the target, the environment 
can be made less conducive to crime. Criminals can be 
inhibited by increasing the probability that their illegal 
activity will be detected. Many kinds of sensors and 
alarms, discussed in chapter 2, are available to discourage 
intrusion into unattended premises. Closed-circuit TV 
could be used to maintain continuous surveillance of traf- 
ficked areas. Bogus check passers can be discouraged 
by a camera that photographs all check cashers. People 
subject to a high risk of robbery, such as liquor merchants, 
gas station attendants, and bank clerks, could carry con- 
cealed radio transmitters by which they could trigger an 
alarm. 

Clearly there are many means by which technology can 
be applied to reduce criminal opportunities. Two of 
these, automobile design modification as an example of 
target hardening, and street lighting as an example of an 
inhibitor, are discussed below. 


INCREASING THE DIFFICULTY OF AUTO THEFT 


Auto theft is prevalent and costly. In 1965, 486,000 
autos valued at over $500 million were stolen. About 
28 percent of the inhabitants of Federal prisons are there 
as a result of conviction of interstate auto theft under 
the Dyer Act. In California alone, auto thefts cost the 
criminal justice system over $60 million yearly. 

The great majority of auto theft is for temporary use 
rather than resale, as evidenced by the fact that 88 per- 
cent of autos stolen in 1965 were recovered. In Los 
Angeles, 64 percent of stolen autos that were recovered 
were found within 2 days and about 80 percent within a 
week.®' Chicago reports that 71 percent of the re- 
covered autos were found within 4 miles of the point of 
theft. Data from Berkeley ® showed that 82 percent of 
the recovered autos were found in Berkeley or in police 
jurisdictions contiguous to it. The FBI estimates that 
8 percent of stolen cars are taken for the purpose of strip- 
ping them for parts, 12 percent for resale, and 5 percent 
for use in another crime.** 

Auto thefts are primarily juvenile acts. Although only 
21 percent °° of all arrests for nontraffic offenses in 1965 
were of individuals under 18 years of age, 63 percent of 
auto theft arrests were of persons under 18. Auto theft 
represents the start of many criminal careers; in an FBI 
sample of juvenile auto theft offenders, 41 percent had 
no prior arrest record. 

The theft may come about simply because a boy sees an 
unlocked automobile readily available. Berkeley, Calif., 
reports that 49 percent of the autos stolen in 1965 had a 


key left in the ignition or the ignition open. Milwaukee, 


®° Warner, Stanley L., Multivariate Regression of Dummy Variates under 
Normality Assumptions, “Journal of American Statistics Association,’’ 58, 1054- 
63, 1963; Cox, D. R., Two Further Applications of a Model for Binary Regres- 
sion, “‘Biometrics,’’ 45, 562-5, 1958. 

®. “Tos Angeles Police Statistical Digest,’’ 1964, 1965. 

®2 Study on Distance from Point of Theft to Point of Recovery done by the Chi- 
cago Police Department for July 15 to July 21, 1966. 

53 Berkeley, Calif., Police Annual Report, 1965. 

°* Uniform Crime Reports, 1965, p. 18. 

® Uniform Crime Reports, 1965. 

% Berkeley, Calif., Police Anual Report, 1965. 


Wis." reports that 37 percent of the autos stolen had the 
ignition open or a key in the ignition. The FBI reports 
that, nationwide, 42 percent of the autos stolen had the 
key in the ignition or the ignition unlocked. Even of those 
taken when the keys were out, at least 20 percent are stolen 
by merely shorting the ignition with tools as simple as 
jumper wires, paper clips, tinfoil, and coins. 

The effects of changing the ignition system to make 
theft more difficult were studied on the basis of St. 
Louis experience. Figure 16 shows by make and model 
year the number of cars reported stolen in St. Louis in 
the first 8 months of 1966. The Chevrolet was the most 
frequently stolen car, well out of proportion to its regis- 
tration for models prior to 1965. Figure 16 also shows 
the ratio of these numbers of stolen cars to Missouri 
registration totals, i.e., the probability, by make and 
model, of a car registered in Missouri having been stolen 
in 1966. The sharp drop in theft probabilities of the 
1965 and 1966 models indicates that the change in the 
Chevrolet lock (eliminating the unlocked “off” position) 
in 1965, resulted in about 50 percent fewer 1965 Chevro- 
lets stolen than the previous year’s models. A similar 
effect occurred for Buick theft probabilities, due to a 
similar ignition change. The increase in thefts of the 
other makes was overshadowed by the decrease in 
Chevrolet and Buick thefts. Thus, the 1965 Chevrolet 
and Buick owners in 1965 and after had more protection 
than the owners of previous years’ models. 

These findings suggest that the easy opportunity to 
take a car may contribute significantly to auto theft and 
that thefts by the relatively casual or marginal offender 
would be reduced by making theft more difficult than 
merely starting the car. Educational campaigns advis- 
ing drivers to remove their ignition keys and to lock their 
cars are important, but their effects are difficult to sus- 
tain.** Some cities have ordinances imposing penalties 
on drivers who leave keys in unattended vehicles.*° 
Lock design has been aimed at increasing the number of 
different key combinations in order to reduce the thefts 
due to “try-out” or “master” keys. 

A more fundamental change in the ignition system and 
other automobile components is needed. Many possi- 
bilities exist. Spring ejection locks can prevent the 
driver from leaving the key in the ignition; sturdier hous- 
ings can enclose the ignition terminals; heavier metal 
cable can surround the ignition wires; steering-wheel or 
transmission-locking devices can be used, as is done on 
several foreign cars. In 1960, the Federal Republic of 
Germany made the following a part of the Highway 
Code: “Passenger cars, station-wagons and motorcycles 
should be equipped with an adequate safety device 
against unauthorized use of vehicles. The locking of the 
doors and removal of the ignition key are not regarded 
as safety measures within the meaning of the preceding 
sentence.” The “adequate safety device” includes steer- 
ing column locks, gearbox locks, gear-lever locks, devices 
mechanically preventing starting of the engine, and spoke 
locks. These devices must also satisfy the requirements 
for traffic safety, e.g., an unintended blocking of the 
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steering mechanism while the vehicle is in motion must 
be impossible. 

Since the installation of such devices, the rate of auto 
thefts in West Germany has decreased from 1,244 thefts 
per 100,000 cars in 1961 to 829 thefts per 100,000 cars 
in 1964. The West German Federal Criminal Police 
feel that “the statistics definitely indicate that the addi- 
tional protective devices have been effective in reducing 
motor vehicle thefts. They recognize that very probably 
a large percentage of this reduction has been in the cate- 
gory of what might be described as ‘joyriding’ thefts as 
distinguished from thefts committed by more skilled and 
determined thieves.” *° 

This problem has been discussed by Task Force and 
Department of Justice representatives with the four major 
automobile manufacturers. The manufacturers have 
agreed to develop and install devices to increase the se- 
curity of their products. These will include making the 
ignition system connector cable much more difficult to 
remove from the ignition lock, increasing the ignition 
key combinations, and locating the ignition system in less 
accessible places. These basic improvements will be 
made in the 1968 models. One manufacturer plans to 
install on its 1968 models a buzzer which will signal the 
driver when he opens the door that he has left his key in 
the ignition. Hopefully, other manufacturers will also 
address this problem. 

Although the above steps will contribute to the reduc- 
tion of auto thefts, the following additional improvements 
should be carefully considered: 


A steering column and/or transmission lock 
which immobilizes the car when the gear-shift 
lever is put into the proper position and the key 
removed. With this type of lock, starting an 
engine by shorting the ignition does not permit 
the car to be driven away. 


An ignition system which causes the driver to 
remove the key from the ignition. This can be 
done by a spring-loaded lock or key which 
pushes the key out; or by requiring the key to be 
not only turned, but also pulled out of the igni- 
tion in order to stop the engine; or by attaching 
a buzzer which goes off if the key is left in the 
ignition when the engine is turned off. 


Although the automobile manufacturers are best able 
to integrate such devices into the design of their vehicles, 
it is desirable that some Federal agency work with them 
to establish minimum requirements on the actual imple- 
mentation. This responsibility could well be assigned to 
the National Highway Safety Bureau as part of its pro- 
gram to establish safety standards for automobiles. 


STREET LIGHTING 


Improved street lighting is frequently advocated by 
police and highway departments as an important tool for 
combatting crime. Its proponents believe that adequate 


6? Milwaukee, Wis., Second Quarter 1966, Statistics on Auto Theft, July 14, 


966. ; : 
88 The Houston police chief reported that a 1965 educational campaign con- 
tributed to a 13-percent reduction in auto thefts during 1965. The first 10 months 
of 1966, however, showed a 49-percent increase in auto thefts in Houston over 
the same period of 1965. (‘‘Action Report” of the National Automobile Theft 


Bureau; January-February 1967). 


6° It has been reported that in one country in South America police officers are 
instructed to deflate tires of vehicles in which keys are left, thereby ostensibly 
protecting the owner's vehicle from auto theft. Another possibility which is 
sometimes discussed is removing the keys to the nearest police station for 
safekeeping. 

7 Memorandum, American Embassy, Bonn, Germany, July 20, 1966. 
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PROBABILITY OF AUTOS STOLEN IN THE FIRST EIGHT MONTHS 


NUMBER OF AUTOS STOLEN IN ST. LOUIS IN THE 


OF 1966 - MISSOURI REGISTRATIONS 


FIRST EIGHT MONTHS OF 1966 


FIGURE 16. AUTO THEFTS AS A FUNCTION OF MAKE AND MODEL YEAR 
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street lighting will (1) deter certain types of street crimes 


| by increasing the risk of detection of the offender ; and 


(2) enhance the probability of apprehending the of- 
fender. These assumptions are fortified by the general 
sense of security which is induced in the individual by 
the presence of adequate street lighting. Police and 
citizens alike frequently remark that they have no proof 
that improved street lighting reduces crime, but they do 
know that they feel safer. And if lighting encourages 
greater use of public streets and parks, this in itself may 
discourage criminals. Since much of crime occurs at 
night, there is considerable intuitive support for the feel- 
ing that street lighting will suppress crime incidence. 
According to data compiled by the Los Angeles Police 
Department during the year of 1965, there were 164,000 
reported offenses and attempts. Of these, 49,000 were 
committed during the day, 75,000 at night, and 40,000 
at unknown times. Likewise, certain crimes such as high- 
way robbery, aggravated assault, purse snatching, and 
‘at have a higher probability of being perpetrated at 
night. 

Unfortunately, existing studies do not present definitive 
conclusions as to the effects of lighting on crime. 

In 1956, the central business district of Flint, Mich., 
was relighted. Six-thousand-lumen incandescent lights 
were replaced with 20,000-lumen multiple flourescent 
bracket-type lights. A study over a 6-month period indi- 
cated that there was a 60 percent reduction in the number 
of felonies and misdemeanors, and 80 percent reduction 
of larcenies. However, there was, at the same time, an 
increase in police surveillance in the area. Since the 
experiment was not controlled, the effects of patrol and 
relighting are combined, so that any conclusions on the 
effects of street lighting must be considered only tentative. 

In New York City, four police precincts designated as 
high crime areas were converted from incandescent light- 
ing to mercury vapor lighting. The rate of nighttime 
crimes dropped by 49 percent after the installation of the 
lights. In 1964, after 80 percent of the city street lighting 
had been converted over a 4-year period at a cost of 
$58 million, the total felonies in the city increased by 
approximately 43 percent. It is impossible to determine 
what the felony rate would have been if the lights had not 
been installed. 

In St. Louis, there seems to exist evidence of a favor- 
able impact by street lighting on certain types of crime. 
A program of improved street lighting was first begun 
in 1964 in a principal business district in the downtown 
area. In a comparison of recorded criminal acts in 1963 
with those of 1965, it was found that crimes against the 
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person decreased by 40.8 percent, auto theft by 28.6 per- 
cent, and business burglaries by 12.8 percent. In another 
study involving a high crime district known as Central 
West End, an increase in crimes was recorded, but the 
rate of increase was not as high as in the surrounding 
areas. In addition, the overall increase of crime was 
lower than anticipated in these two areas. 

The studies do not present definite conclusions as to the 
effects of lighting on crime. Methodologically, there are 
many problems which need to be overcome before defini- 
tive statements can be made. For example, very few 
experiments can be labeled as controlled. As noted in the 
Flint study, improved street lighting may be accompanied 
by other changes such as increased police surveillance. 
Likewise, subtle changes in the size and character of the 
population may accompany the lighting change and 
markedly affect the crime rate. 

In addition to these problems, the task of conducting 
unbiased and controlled experiments is difficult and may 
involve considerable expense. One would want to dis- 
cover which crimes were affected and under what con- 
ditions, i.e., what kinds of lighting are effective in what 
kinds of situations. This would require a statistical break- 
down of crimes by block before and after relighting, not 
only in the relighted area, but in adjoining areas. It 
would require information as to the past, present, and 
projected crime rates and it would involve correlating 
these rates to the kind and intensity of the light. At 
present, these data are not available. The only results 
it is possible to reach now are: 


There is no conclusive evidence that improved 
lighting will have lasting or significant impact 
on crime rates, although there are strong intui- 
tive reasons to believe it will be helpful. 

Improved street lighting may reduce some 
types of crimes in some areas, i.e., given a light 
and dark street to commit a crime, a criminal 
will probably choose the dark street. 

Improved street lighting accompanied by in- 
creased police patrol can reduce crime rates in 
an area. 

When new lighting programs are instituted, 
police departments should be encouraged to 
maintain records of crimes in the relighted 
and adjoining areas. With information on past, 
present and projected crime rates, it may be 
possible to assess better the impact of lighting 
on crime. 
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Chapter 5 


Analysis of Crime and the Overall 


Criminal Justice System 


NEED FOR ANALYSIS OF THE OVERALL CRIM- 
INAL JUSTICE SYSTEM 


Previous chapters have examined some of the ways in 
which systems analysis can be used to help improve 
the operations of the police and court components of the 
criminal justice system. There are distinct limitations, 
however, in looking only at the parts. What is also 
needed is a means of relating the parts to each other. 
The criminal justice system must be viewed as an inte- 
grated whole, especially in formulating budgets and in de- 
veloping programs at State and local levels. 

Police, court, and corrections officials all share the ob- 
jective of reducing crime. But each uses different, some- 
times conflicting, methods and so focuses frequently on 
inconsistent subobjectives. The police role, for example, 
is focused on deterrence. Most modern correctional 
thinking, on the other hand, focuses on rehabilitation and 
argues that placing the offender back into society under 
a supervised community treatment program provides 
the best chance for his rehabilitation as a law-abiding 
citizen. But community treatment may involve some loss 
of deterrent effect, and the ready arrest of marginal of- 
fenders, intended to heighten deterrence, may by affixing 
a criminal label complicate rehabilitation. The latent 
conflicts between the parts may not be apparent from the 
viewpoint of either subsystem, but there is an obvious need 
to balance and rationalize them so as to achieve optimum 
overall effectiveness. 

This process of balancing and rationalizing potentially 
inconsistent subobjectives is done at present, when it is 
done at all, on a largely subjective basis rather than 
through measured assessment of the consequences of var- 
ious alternatives. The allocation of necessarily limited 
budgets and the choice of methods with which to handle 
various offenses and offenders could be done more ac- 
curately if such overall system assessment could be made. 

Systems analysis provides one framework for attempt- 
ing an objective assessment of the criminal justice system 
as a whole. The discussion in this chapter takes some 
preliminary steps in these directions, using a simulation 
model of the criminal justice system. The model was de- 
veloped and computations performed with the limited 
available data, supplemented by hypothetical data, more 
to illustrate what might be done than to arrive at de- 
finitive conclusions. As such, the work raises some basic 
questions and provides a foundation upon which further 


research can be built. It also identifies data which must 
be collected to be able to evaluate alternative actions in 
the total system context. 

One of several possible examples can illustrate how 
little of the basic data is now available. Although it is 
fairly well documented that there are over 6 million 
arrests made each year in the United States for nontraffic 
offenses, it has not been known what percentage of the 
population ever gets arrested. The incompleteness of 
most arrest records makes it difficult to estimate the 
proportion of arrests in any year that are of persons never 
before arrested, a figure necessary for determining what 
percentage of the population ever gets arrested. A math- 
ematical analysis presented in appendix J used the lowest 
estimate—one new offender in eight arrests—on the basis 
of which it was calculated that if present trends continue 
at least 40 percent of the male children living in the 
United States today will be arrested for a nontraffic of- 
fense sometime in their lives. For boys living in cities, 
the figure is in the order of 60 percent; for Negro boys 
living in cities, it is about 90 percent. These projections 
are based on current arrest rates, which have been increas- 
ing in recent years, so in some respects they might even 
be conservative. On the other hand, the inherent incom- 
pleteness in arrest records leaves open the possibility that 
even the one-eighth estimate at the first-arrest rate may 
be high. Of course, changes in arrest practices, such as 
widespread adoption of the Commission’s recommenda- 
tion not to treat drunkenness as a criminal offense, could 
reverse the trend. 

The fact that these projections are so surprising to most 
observers illustrates how little is known in fact about basic 
questions in the criminal area and how important it is to 
try to find more answers. For if sustained by additional 
data, these estimates must raise many basic questions 
about the operation of the criminal justice system and 
about the nature of police intervention. They would 
refute the common notion that most people never encoun- 
ter the criminal justice system and only a small class of 
“criminals” do.** Although these statistics, and many 
like them, are vital to understanding how the criminal 
justice system operates and to raising critical questions, 
there are now no estimates, however tentative, of many 
such numbers. 

Even more important for policy guidance is the need 
for information on the likely consequences of actions that 


change the system. One way to collect data about such 


71 This could be erroneously inferred from the fact that a high proportion 
(roughly 75-90 percent) of those arrested have a prior arrest record. 
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relationships would be to make changes in the operations 
and observe the effects directly. Wherever practical, this 
kind of controlled experimentation is clearly to be prefer- 
red. But it is often impractical and even undesirable. 
Not only are the costs often prohibitive, but normal opera- 
tions are frequently too sensitive to be disrupted. Instead, 
it may be possible to formulate a mathematical description 
or “model” of the system which, with data collected from 
the current system, could be used to explore the relation- 
ships among the various parts. The construction and 
manipulation of such mathematical models to find out 
how better to organize and operate the real-life systems 
they represent is a basic part of systems analysis. 

Such models of the criminal justice system are desirable 
for several reasons: 


They develop an explicit description of the 
criminal justice system and its operating modes so 
that the system’s underlying assumptions are 
revealed. 


They provide a vehicle for simulated experimenta- 
tion in those instances where “live” experimentation 
is impractical or undesirable. 


They identify what data must be obtained if es- 
sential calculations are to be made of the con- 
sequences of proposed changes. 


These advantages must be considered in light of a sober 
appreciation of what cannot be done by constructing and 
using models. The cause-and-effect relationships in the 
real world of criminal justice are so complex and so in- 
tricately interwoven that any mathematical description 
of them is bound to be a gross simplification. At the 
present time, even the most basic relationships are poorly 
understood, and the available data contribute little to 
further understanding. Moreover, in so dynamic a sys- 
tem the causal relationships themselves change constantly. 
They will change further as increased. understanding 
changes people’s behavior. Clearly, a system of this 
magnitude and complexity cannot be studied in detail 
even descriptively, much less analytically, in a few months 
by a few people. 

However, sufficient benefits have accrued from similar 
analyses conducted on equally complex systems, such as 
air traffic systems or national economies, to warrant 
probes in this direction for the criminal justice system. 
The State of California has already supported a pioneer- 
ing study of this sort by the Space-General Corp. The 
Task Force further developed these approaches in order 
to lay a foundation on which additional analytical de- 
velopment of the criminal justice system could be based 
and also to identify some of the primary data needs. 

One benefit of this approach, if it is developed, is the 
ability to conduct cost-effectiveness analyses. These 
analyses, applied with particular success in the Depart- 
ment of Defense, provide a means for determining which 
of several alternative courses of action would yield maxi- 
mum crime-control effectiveness for a given cost, or mini- 
mum cost for a given effectiveness. 


Such analysis can be brought to bear only on those 
aspects of crime and criminal justice that are amenable 
to quantification. These measurable values must always 
be considered in relation to what are frequently more 
important, often unquantifiable values, in making any 
decisions about modification of police, court, or correc- 
tions operations. The cost-effectiveness approach does 
not force a quantification of unmeasurable human values. 
Rather, it sets out those implications that are quantifiable, 
and thereby permits a sharper focus on the critical value 
questions of social policy by the legislator and the 
administrator. 


MEASURING THE EFFECTIVENESS OF THE 
CRIMINAL JUSTICE SYSTEM 


Systems analysis begins with an examination of the ob- 
jectives of the system of interest. These objectives are 
then translated as far as possible into quantitative meas- 
ures of effectiveness of the system. Various alternative 
means of improving the system can be compared numeri- 
cally with a mathematical model which calculates the 
measures of effectiveness associated with each alternative. 
At the current state of development, with only very poor 
data and gross uncertainty about the consequences of any 
actions taken, any attempt to accomplish this for the 
criminal justice system must be regarded as preliminary. 

The criminal justice system is generally regarded as 
having the basic objective of reducing crime. However, 
one must also consider its larger objective of minimizing 
a total net social disutility associated with crime as well as 
crime control. Both of these components are complex 
and difficult to measure completely. The social costs 
associated with crime come from both the long- and 
short-term physical damage, psychological harm, and 
property losses to victims as a result of crimes committed. 
Crime also creates serious indirect effects. It can induce 
a feeling of insecurity that is only partially reflected in 
business losses and economic disruption due to anxiety 
about venturing into high crime rate areas. 

Balanced against these costs associated with crime must 
be the consequences of actions taken to reduce them. 
Money spent on developing, maintaining, and operating 
criminal justice agencies is only one part of this. It also 
includes the indirect costs of the crime control system, 
such as welfare payments to prisoners’ families, lost in- 
come of offenders who are denied good jobs, legal fees, 
and lost wages of witnesses. In addition, there are pen- 
alties associated with suspects erroneously arrested or 
sentenced, the imposition on personal liberty resulting 
from police surveillance, and the limitations on privacy 
In maintaining criminal records, 

This balance between reducing the costs of crime and 
of crime control is reflected in the fact that the criminal 
Justice system exercises only a limited amount of crime 
control (e.g., policemen are not posted on every street 
corner) and under strict constraints (e.g., limitations on 
search). Thus, there is an “optimum” level of crime 
control effort reflecting this balance of costs, and any 


effort at improving crime control must weigh the addi- 
tional social costs imposed thereby. This optimum level 
reflects how society weighs the factors in the balance at 
any particular time. 

Systems analysis, being limited to working with what 
can be measured, cannot deal with all these factors. 
Hence, the major emphasis in this chapter is on the direct 
operating costs incurred by the system, which are rela- 
tively easy to measure, and the amount of crime, which 
is considerably more complex but still approachable 
quantitatively. 


MEANS OF CRIME CONTROL BY THE CRIMINAL J USTICE 
SYSTEM 


The criminal justice system works to reduce crime in 
three basic ways: 


O) Deterrence—posing a threat of apprehension and 
consequent penalties; 

O Incapacitation—removing individuals from places 
where they might commit further crimes or subject- 
ing them to supervision that makes it difficult for 
them to do so; 

O Rehabilitation—treatment by correctional agencies. 


Each of these methods is obviously extremely complex 
and our knowledge about them is very inadequate at 
present. Rehabilitation, for instance, appears in many 
cases to have been relatively ineffectual; limited data 
suggest that roughly one person in three released from 
prison will return and that over three-quarters of those 
once arrested will be subsequently arrested. Rehabilita- 
tion is an extremely complex task in which methods that 
succeed in one instance fail in another. Furthermore, 
gains in treatment may be easily offset by factors entirely 
unrelated to the criminal justice system, such as the in- 
ability of a released offender to get a job or the acquaint- 
ances he makes when he returns to the community. 

Incarceration has inherent limitations as a method for 
the general control of crime. Of all the Index crimes 
reported to the police, only about 25 percent are cleared 
by arrest. About 10-20 percent of the individuals ar- 
rested are sentenced to jail or prison. The jail terms 
are less than a year, and the average prison time is about 
one and a half years. So only a small percentage of the 
total possible crimes that could be committed on any 
given day are avoided by imprisonment."* Probation and 
parole supervision may also serve to some extent to in- 
capacitate, but how much they do is clearly hard to meas- 
ure and no data on their restraining effects exist at 
present. 

The effects of deterrence are much more subtle and 
difficult to measure even than those of rehabilitative 
programs. One basic question is the degree to which 
deterrence is uniform over the population, or whether the 
population can be divided into identifiable classes with 
distinctly different responses to deterrence. In particular 
there is the question of whether people with criminal his- 
tories—those who were not deterred at least once in the 
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past—are less deterred than those without such records. 
Another question is the extent to which the actions of the 
criminal justice system deters people from committing 
crime as compared to the extent to which they are 
deterred by things like general public opinion, the reac- 
tions of family and friends, religion and morality, and the 
fear of losing a job. Within the criminal justice system, 
it is not known in what measure deterrence is effected by 
the fear of being caught by the police, by the threat of a 
prison sentence, or by the stigma of a record. As difficult 
as these questions are they lie at the heart of the operation 
of the criminal justice system, and so must be addressed 
in a major research program involving analysis and ex- 
perimentation. Until we begin, however, decisions will be 
based on intuition rather than on observed fact. 


MEASURING CRIME 


There are different ways of measuring the amount of 
crime, and they do not necessarily imply the same thing. 
Two basic directions can be taken. The first, determin- 
ing the degree of public safety, is to measure the probabi- 
lity of a person in a certain category being a victim of a 
crime. The second, determining the extent of criminal- 
ity within the society, is to measure the probability that 
an individual with specified characteristics will commit 
a crime.” 

From the viewpoint of evaluating public safety, the 
absolute number of crimes fails to reflect accurately the 
victimization probability. If crimes increase in propor- 
tion to population increase, then there is no change in 
the gross victimization probability. Crime rate, the 
number of crimes per 100,000 population, measures 
victimization more accurately. 

This same crime rate is often used as a measure of 
criminality. Different population groups differ in their 
propensity to commit crimes, however. Crime rates 
are influenced by the age distribution of the population, 
by the extent of urbanization of the population, by the 
ethnic mix in different geographical regions, and many 
other demographic factors. Thus, crime rates could 
increase as a result of demographic changes (e.g., a de- 
crease in the median age of the population) even without 
an increase in the criminality of any population subgroup. 

Crime rates always measure the number of certain 
crimes divided by a measure of exposure. It is important 
that the exposure be defined in relation to the purpose 
for which the crime rate is to be used. For example, 
if we want to know how safe our 1964 Chevrolet is from 
theft, we are interested in the number of autos, or, even 
better, the number of 1964 Chevrolets stolen in our area 
each year per 100 autos. If we want to know how safe 
we are from robbery in a certain area, we are interested 
in the number of robberies in the area per year per 100 
people in that area. If we want to know the chance of 
our son committing a crime this year, we are interested 
in the percentage of boys his age in the area who commit 
crimes in a year. The more finely the data can be 
divided, the more directly relevant it is to the question 
of interest. Most interpretations of crime statistics fail 


72 This means, neglecting the deterrent effects of imprisonment and the re- 
habilitative effects of associated correctional programs, and concentrating only on 
the removal effects of incarceration, that the amount of a would increase 

i i tion at all. 
by only a small percentage if there were no incarcera 
‘rs These problems have been treated by the Assessment Task Force and are 


discussed in detail in their report. 


74 The characteristics of those who commit crimes cannot be learned directly. 
The necessary approximation involves using the characteristics of arrestees. This 
introduces the possible bias that some types of criminals (e.g., the younger ones, 
the poorer ones, and the less intelligent ones) may be more likely to be arrested 
than others. 
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to identify the exposure rate associated with the intended 
interpretation. 

Pervading all measures of crime is the inability to dis- 
tinguish between changes in the amount of crime com- 
mitted and the amount of crime reported. This difficulty 
is aggravated when the two are correlated, as they are in 
public reports of crime to the police. As the police became 
more effective in solving crimes and in recovering prop- 
erty, the reported rate might increase even though the 
actual rate might decline. This difficulty can be minimized 
by using several different approaches (e.g., victim surveys 
as well as police reports) to estimating the volume of 
crime. Even when there is a true change in crimes com- 
mitted, it is extremely difficult to separate the results of 
actions by the criminal justice system from independent 
social changes, such as reduction in discrimination, eco- 
nomic improvement, or modifications in school systems. 

Gross rates of victimization or commission of crimes, 
even if they could be obtained accurately and completely, 
would still fail to present an adequate picture of the 
magnitude of the crime problem. Each type of crime has 
a different degree of seriousness. The distribution of 
crimes among the different types is an important fact. 
In the District of Columbia, for example, the number of 
part I ® crimes rose by 2,712 (8 percent) from 32,053 to 
34,765 between 1965 and 1966. However, petty larceny, 
the least serious of the part I offenses, rose 2,729. There 
was a slight net decrease in both the number and the rate 
of the other, more serious, part I offenses.**° Thus, it is 
difficult to say whether the crime problems grew more or 
less serious in Washington without measuring the relative 
seriousness of the different offenses. 

FBI estimates of the index of crime are derived from 
an unweighted sum of the reported Index crimes. This 
Index is dominated by the far more prevalent crimes 
against property and is relatively insensitive to changes in 
the serious crimes against the person. Thus, murders 
could increase by 1,000 percent, but if auto theft fell by 
10 percent, the Index would decline. 

All crimes are not equally undesirable. Most people 
would be willing to tolerate a considerable amount of 
private gambling, or perhaps even shoplifting, if they 
could know that doing so would reduce the amount of 
street robberies. The trade-offs among different types of 
crime is an important consideration in allocating enforce- 
ment resources. Decisions, for example, on transferring 
detectives from the vice squad to the robbery squad 
should take into account the relative amounts of crime 
disutility they could reduce on each squad. 

Crime derives its seriousness from many different ef- 
fects. It is extremely difficult to assess these in order to 
determine their relative importance. One way of resolv- 
ing these difficult issues is to measure public attitudes 
toward being a victim of different crimes, using a repre- 
sentative sample of individuals and applying scaling tech- 
niques. Some preliminary results have been obtained 
by Sellin & Wolfgang.’ They asked a sample of people 
to weigh the seriousness of various crimes.’* The concepts 


of utility theory can then be applied ” to these values, re- 
sulting in estimated disutilities of each part I crime 
roughly as shown in table 10. This ranking of seriousness 
differs somewhat from the UCR ranking of seriousness, 
which is also shown in table 10. 


Table 10.—Disutilities of Part | Crimes 


Estimated 
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1 The disutilities for criminal homicide and forcible rape are very crude estimates based 
on an extrapolation extending far beyond the region for which data were available con- 
cerning the functional form of the relationship between scale value and utility. 


Thus, if a “rational person” strives to minimize his 
average disutility, then these numbers suggest that he is 
equally concerned about 1/200 probability of a burglary 
and 1/20,000 probability of an aggravated assault.®° 

These approaches, combined with those of Sellin and 
Wolfgang, could be used to develop an index of crime 
which more accurately reflects the total seriousness of 
crime than merely adding the offenses without attaching 
any weights to them. 

In assessing the performance of the criminal justice sys- 
tem, the incidence of crimes must be balanced against 
the costs of crime control, including both the dollar costs, 
direct and indirect, and the social costs. One instrument 
for relating these cost and effectiveness measures is in a 
model of the criminal justice system. 


A MODEL OF THE CRIMINAL JUSTICE SYSTEM 
FORM OF A MODEL 


The first step in developing a model of a generalized 
criminal justice system *! is to describe in detail the events 
that occur as offenders are processed through the system. 
One such description, from the Commission’s report, is 
illustrated in the next figure. Even this descrip- 
tion is simplified, and differs from the real system in any 
particular jurisdiction. Transforming this description 
into a model involves the following steps: 


(1) Aggregate a number of related processing 
stages consistent with the form of the available data. 
For example, the booking and initial appearance 
stages might be combined into a single one. 


(2) Describe the probability that an arrested 
person is routed along the alternative paths out of 
each branching point in the diagram. This would 
include the proportion of individuals following each 


® Part I crimes are the Index crimes plus negligent manslaughter and larceny 
under $50. 

™ Report of the President's Commission on Crime in the District of Columbia, 
1966, p. 24. 

7? The Measurement of Delinquency, Sellin & Wolfgang, J. Wiley & Sons, 1964. 

78 The crimes were defined so as to result in the amount of injury, property 
lost, property unrecovered, property damages, etc., typical of such crimes actually 
committed by juveniles. : 

™ The Sellin-Wolfgang indexes for larceny crimes were translated into a utility 
scale based on the monetary loss in the larceny, (For a definition of the utility 
scale and a discussion of its use in decisionmaking, see the classic work of John 
Von Neuman and Oscar Morganstern, Theory of Games and Economic Behavior, 
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route as a function of the type of crime, character- 
istics of the individual such as age and prior crim- 


inal record, and characteristics of the processing 
stage. 


(3) Attribute to each individual the costs of proc- 
essing him at each stage. 


(4) Determine the resources required to process 
the flow of individuals through each stage. 


(5) For each possible route out of the system, de- 
scribe the probability that an individual will again 
commit a crime as a function of his prior crime, his 
personal characteristics such as age, and the treat- 
ment provided. 


(6) Translate these descriptions into computer 
language so that numerical results can be calculated. 


(7) Collect data to estimate each of the model 
parameters in the above descriptions. 


(8) Change the variables characterizing the sys- 
tem, and calculate the consequences of these changes 
on costs and on crimes. 


A simplified version of the model which was developed 
by the Task Force following this process is shown in 
figure 17. It can be used to calculate what happens to 
arrested offenders as they flow through court and cor- 
rections subsystems. The analysis was restricted to the 
seven Index crimes and to offenders processed for com- 
mitting them through either felony court or juvenile 
court. 

Each of the seven Index crimes was treated separately. 
The results for all the Index crimes were then totaled to 
obtain the costs incurred at each stage, and the number 
of people traveling each route shown in the figure. In 
order to make these calculations, data were gathered to 
describe operating procedures and costs. Often best 
estimates, approximations, or extrapolations to the whole 
country of data characteristic of specific jurisdictions had 
to suffice. Because of the gaps in the data, the numerical 
results must be viewed as tentative, but they are pre- 
sented to illustrate the potential uses of the analysis and 
to give impetus to the collection of proper data for use 
in more definitive studies. 

Data on crimes and arrests were based on data from 
the FBI “Uniform Crime Reports.” *? The probabilities 
describing the routing of offenders through each branch- 
ing point were based on data from a sampling of State 
court reports for court and probation processing and on 
California ®* practices for correctional and juvenile 
processing. 

As in all accounting, allocation of costs to crimes and 
to offenders often requires arbitrary judgments, especially 
in distributing fixed costs. Police costs were developed 
from information provided by the International Associa- 


tion of Chiefs of Police. They estimate that it would be 


By 


reasonable to allocate 25 percent of patrol costs and 100 
percent of detective costs to Index crimes. 

Court costs were based on estimates in the District of 
Columbia of the time spent by the prosecutor and his 
staff, the judge and his staff, and witnesses and jurors 
on each type of crime as a function of the type of trial. 
Corrections costs were based on estimates by the Cor- 
rections Task Force of the cost per offender-year in prison 
and jail. 

The costs for processing juveniles through courts and 
corrections are based on California costs and are under- 
estimated since the only available cost data did not dis- 
tinguish between the costs of processing juvenile Index 
crime offenders and other minor violaters. 

The cost calculations use an estimate of the processing 
time per case or offender. Hence, resource requirements 
can be easily calculated with data on the processing rate 
of each relevant resource: judges, prosecutors, probation 
officers, parole officers, prison guards, prison cells, etc. 

The model can also be used to calculate the system’s 
effectiveness in reducing crime by persons after they have 
been processed. At any stage in processing, offenders 
can be released, dismissed, acquitted, discharged, or 
otherwise returned to the general population. When 
this happens, there is a chance of rearrest and reprocess- 
ing through the criminal justice system. This feedback 
feature permits the tracing of lifetime criminal career 
patterns—number of arrests, crimes arrested for, mean 
length of criminal careers—of individuals as they are 
recycled through the criminal justice system. 

Calculating these criminal career patterns requires esti- 
mates of the probability of recidivism or recommission of 
crime for each type of offender leaving each processing 
stage. In the model, recidivism is related to offender 
variables, such as age and previous criminal history. 
It should also be related to variables characterizing the 
treatment (a person released by the police without being 
charged may have a different propensity to commit a 
new crime than one who is discharged from prison after 
serving a term) but such data are not now generally 
available. 

There are many ways to measure recidivism. It would 
be desirable to know the probability of reversion to crime 
for each type of offender as a function of the point of 
exit from the system. Unfortunately, direct data on 
reversion to crime would be impossible to develop be- 
cause information on who committed an unsolved crime 
is impossible to obtain. Because of this difficulty, other 
measures of recidivism must be used. Some researchers, 
particularly those focusing on the corrections process, 
describe recidivism in terms of the probability that an 
offender released from corrections will be returned to cor- 
rections. This provides an underestimate of recidivism 
by those individuals because of the many opportunities 
for someone who committed a crime to drop out of the 
system, as illustrated by the funneling effect of figure 18. 
For example, studies have shown that approximately one- 
third of the offenders released from prison will return. 
Typically, in the United States as a whole, 20 percent of 


82 Federal Bureau of Investigation, U.S. Beyenet oe Justice, ‘Uniform 
i ts for the United States,’’ 1965, Washington, D.C. 2 
Paty sepotl from California provided the best published data on details 
of processing in the criminal justice system. The reports include: Bureau e 
Criminal Statistics, Division of Criminal Law and Enforcement, Department 0 


Justice, State of California, ‘“‘Crime in California, 1964.'" Administrative Statis- 
tics Section, Research Division, Department of Corrections State of California, 
“California Prisoners 1961, 1962, 1963,'’ Sacramento, Calif. Bureau of Criminal 
Statistics, Division of Criminal Law and Enforcement, Department of Justice, 
State of California, ‘‘Delinquency and Probation in California, 1964." 
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A general view of The Criminal Justice System 


This chart seeks to present a simple yet comprehensive view 
of the movement of cases through the criminal justice system. 
Procedures in individual jurisdictions may vary from the 
pattern shown here. The differing weights of line indicate 
the relative volumes of cases disposed of at various points 
in the system, but this is only suggestive since no nationwide 
data of this sort exists. 
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9 Challenge on constitutional grounds to legality 11 Probation officer decides desirability of further 


judge or jury (if available); counsel for indigent of detention. May be sought at any point in court action. 
i inf ies. Often not process. 
usually appointed here in felonies oO Se ee ere 
at all in other cases. 10 Police often hold informal hearings, dismiss or medical care, etc., for cases where 
adjust many cases without further processing. adjudicatory handling not needed. 


8 Charge may be reduced at any time prior to 
trial in return for plea of guilty or for other 
reasons. 
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individuals arrested for Index crimes are sentenced and 
only about 30 percent of these are sentenced to prison. 

In the model, recidivism was measured at the point of 
rearrest. This brings into the sample a number of people 
arrested for crimes they did not commit, but reduces the 
error in ignoring people freed for legal or technical rea- 
sons even though they did commit the crime. 

In this model, the probability that a person is rearrested 
was made to depend on his age, his previous crime, and 
on his exit point from the criminal justice system.** These 
probabilities of rearrest were defined for each type of 
Index crime as decreasing constantly with age.** The 
decrease is more rapid for some types of crime than for 
others. 

The distributions of time lags between arrests were 
based on data from the FBI criminal careers study and on 
data from several jurisdictions. These data indicated 
that rearrest, if it happens, occurs within 5 years after 
release in about 99 percent of the cases and within 2 
years in over 60 percent of the cases. 

Another factor that must be included in a model to 
describe recidivism is the type of crime which a recidivist 
tends to commit. An individual’s subsequent crimes are 
related to his previous crimes. The estimated array of 
these conditional probabilities for each of the seven 
Index crimes is shown in table 11. The table displays 


FIGURE 17. 


the chance of switching from each crime type to each 
other when rearrest occurs. 


USES OF THE MODEL 


Criminal Justice System Direct Operating Costs for Index 
Crimes 


The direct costs of processing offenders at each stage 
were calculated for each Index crime on the basis of 
processing time and unit time costs. In figure 19, the sys- 
tem costs for each kind of Index crime are distributed 
among the major cost components. Corrections costs 
account for a large portion of the total cost in murder and 
nonnegligent manslaughter (81 percent), forcible rape 
(42 percent), and robbery (42 percent). In all these 
crimes, police clearance rates tend to be high. For the 
property crimes, which have lower clearance rates, police 
costs are a much larger proportion, about 70 percent of 
the total costs. For all the Index crimes, the court costs 
are a very small portion of the total: 8 percent for mur- 
der, 4 to 5 percent for the other personal crimes, and 
1 percent for the property crimes. Figure 20 shows 
how these costs are attributable to each of the 1965 Index 
crimes in the United States in 1965. It can be seen that 
the property crimes of burglary, larceny of $50 and over, 


CRIMINAL JUSTICE SYSTEM MODEL WITH ESTIMATES OF FLOW OF OFFENDERS AND 


DIRECT OPERATING COSTS FOR INDEX CRIMES IN THE UNITED STATES IN 1965 


Numbers in boldface indicate estimated flow 
of persons arrested for index crimes. 


Numbers in regular type indicate estimated 
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The data for the other rearrest probabilities used in the model to derive criminal 
career patterns were estimated so that the calculations would yield careers which 
approximated those in data collected by the Federal Bureau of Investigation and 


also give the closest approximation to arr 
Uniform Crime Report.” 


est-age distributions given in the 1965 


55 Eisai: 
For juveniles processed as such, the probabilities were assumed constant 


with age until they were processed as adults at age 18. 


and auto theft, which account for 87 percent of the Index 
crimes, also account for the bulk (81 percent) of the 
system costs for Index crimes. The figure also shows how 
these system costs for Index crimes are distributed among 
the major system components. Police costs are the largest 
(67 percent), followed by correctional programs (in- 
cluding probation) which account for 20 percent. 

In table 12 the system costs are presented as the cost 
per individual crime. Each reported Index crime costs 
the criminal justice system directly about $750. The cost 
per offender arrested, however, is about $3,000 since 
there are only about one-fourth as many arrests as Index 
crimes reported. 

Another costing approach would omit the large 
amounts of police costs charged to the offenders, and 
charge them instead as fixed costs of the system. If 
offenders are not charged with any of the costs of police 


patrol, then the cost per offender arrested is reduced to 
about $1,000. 


Criminal Careers 


The criminal justice system pays a price for permitting 
a person to enter a life of crime. The cost is measured 
by the “criminal-career cost,” or the total cost to the 
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FIGURE 18. FUNNELING EFFECT FROM REPORTED CRIMES 
THROUGH PRISON SENTENCE 
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FIGURE 19. ESTIMATED CRIMINAL JUSTICE SYSTEM DIRECT OPERATING COSTS FOR U.S. INDEX CRIMES, 1965 
Total Index Crimes - 2,780,000 Total Costs - $2,097,000,000 
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FIGURE 20. ESTIMATED DISTRIBUTION OF CRIMINAL JUSTICE SYSTEM DIRECT OPERATING COSTS 
AMONG MAJOR SUBSYSTEMS AND TYPES OF INDEX CRIMES, 1965 


ee ee TIRES OR IMDER, GRIMES, 1085 


MURDER AND NONNEGLIGENT 
COURT COST = 2% MANSLAUGHTER = 2% FORCIBLE RAPE = 1% 


Table 11.—Rearrest Crime-Switch Matrix 4 


If arrested again for an Index crime, the probability it will be for— 


Last Index arrest for 
Murder and Aggravated Larceny 


nonnegligent | Forcible rape Robbery assault Burglary | ($50 and over)| Auto theft 

manslaughter 
Murder and nonnegligent manslaughter 2____-_-_------------------ 0.025 0.025 0. 150 0. 400 0. 200 0. 100 0. 100 
Rorcipletrape tite eos ane ee aes eee ena cose a 020 - 150 .110 . 260 . 200 . 140 .120 
Robbetiys 2s aos ea Se aoa a cane ewn ae ease aa eae 015 010 . 350 . 060 . 350 115 . 100 
I TLE NER CAC EEE | (1 SSE SIRS See eee ee ee 025 - 040 - 150 - 300 - 085 . 200 . 200 
Burglar yate poss Sere erence Steen eee med nes cnaenee 010 -020 135 . 063 459 . 282 .031 
arcenys(S50iand: GVers 0 ake see Bede ec -010 . 020 . 140 025 . 400 .275 . 130 
FNC Cad t=) Cases a te ae el See ae A ee aon eae -010 027 - 045 028 .390 . 222 278 

1 Based on data from Crime Revisited: Minnesota Board of Corrections; 1965 ‘‘Uniform 2 Best estimates based on inadequate data. 


Crime Reports,’’ pp. 29-31; and Federal Bureau of Prisons, statistical tables, fiscal year 


Table 12.—Total 1965 U.S. Criminal Justice System Costs for Index Crimes ! 


Total system Number of System costs Number of System costs Career costs? 
Crime type costs (millions crimes per crime arrests per arrest (dollars) 
of dollars) (dollars) (dollars) 

ee SS 
i Fay i (cee aca sity are th 8 raat gc tet gh sae 48 9, 850 4,900 9, 400 5, 100 12, 600 
faveibte. rape ee SPOON TOT RD eat LTCCP TERE 29 22, 470 1, 300 14; 300 2/000 9 600 
ROBBAr Vee sods eet oe Oe toe eda Sede meee cata 140 118, 920 1,200 54, 399 2, 600 13, 500 
Awgpavated agsauili cee eeee th). Jee) be eeiee sea 2e 8 190 206, 700 920 108, 000 1, 800 9° 400 
Burglary Sis kl / WO SPR ORF aT MBSR CER Liotta 820 1,173, 200 700 266, 000 3, 100 14, 000 
Larceny of $50 and over.....--..----------------------------------- 500 762, 400 660 144, 000 3, 500 11, 900 
RUG THO. ee ee ke a pa eee aeons 370 “86, 600 760 131, 000 2, 800 11,000 
‘AR OX. Ct IGS eae cca aa ca ane ces 2,097 2, 780, 140 750 727,000 2, 900 3 12, 200 


Sn nnnnn nnn EEEESEsSgaES SSE et 


i ercent of patrol force costs and court and cated crime. 
1 100 percent of detective force costs and 25 percent of p 3 Based on distribution of Ist arrests matched to distribution of arrests of individuals 


i Index crimes. eee le TTT : " 
TEE ee crite, wim the st Index crime arrest occurring at age 16 for the indi- _ under 18 given in the 1£65 “‘Uniform Crime Reports. 


—————————————— Ee 
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Table 13—Criminal Career Patterns for Index Crimes ! 


Number of lifetime rearrests for— 
—_— Total lifetime 
1,000 initial arrests at age 16 for— Larceny rearrests 
F Aggravated 
beter Forcible rape Robbery assault Burglary | ($50 and over)| Auto theft 
manslaughter 
0 310 2, 650 
Murder and nonnegligent manslaughter_____________ 40 70 420 500 Bi ah 390 2,670 
Forcible rape__—— nn nennnennnnnee ne a a ny ay 1, 400 730 370 ee 
Aaaravaied asa ooo a0 a0 410 400 1719 Bag ra 261 
urglary-———-----_---.____________._----------- "100 700 10 ji 
30 60 430 160 1, 10 
LA ea iaeere come: oat 20 70 330 150 1; 100 650 400 2,730 


' Based on calculations performed with the overall criminal justice system model with feedback loops. 


criminal justice system over the life of the offender for 
processing him. A simulated sample of 1,000 offenders, 
arrested for the first time at age 16,8° was taken for each 
Index crime category, and the rearrest patterns over the 
Index crimes were computed using the rearrest matrix 
of probabilities which were given in table 11. The re- 
sulting criminal career patterns given in table 13 were 
derived. For example, 1,000 offenders arrested initially 
for robbery would accumulate during their lives: 50 ar- 
rests for murder, 70 for forcible rape, 800 more for rob- 
bery, 250 for aggravated assault, 1,400 for burglary, 730 
for grand larceny, and 370 for auto theft—a total of 
3,670 rearrests for Index crimes alone. 

On the basis of these criminal career pattern results, 
the criminal-career costs were calculated to be about 
$12,000 per individual,** representing about 3 to 4 arrests 
for Index crimes per offender. This demonstrates the 
value of an investment in preventive programs that would 
avert criminal careers. 

The model can also be used to examine the differences 
between the types of crimes for which first offenders are 
arrested and those for which repeaters are arrested. An 
example of such an examination is shown in table 14, 
The results are tabulated according to the order of seri- 
ousness used by the FBI in the UCR. 

A typical distribution of 1,000 first arrests for Index 
offenses was taken. The criminal careers of these 1,000 


Table 14.—Average Distribution of First Arrests and 
Lifetime Rearrests for Index Crime Offenders 


First arrests Lifetime rearrests Percent 
change in 
Offense proportion 
Number! | Percent | Number | Percent of total 
of total of total 
2 0.2 34 ed +450 
6 6 68 20 +280 
33 a3 458 15.2 +360 
32 352 194 6.4 +100 
252 raaly 1,196 39.7 +60 
Larceny of $50 and over____ 518 51.8 739 24.6 —50 
foi] )) a a ag 157 15.7 321 10.7 —30 
ii) | ee, | a 1,000 100. 0 3,010 LOO) 0) see ee Se 8 


' The distribution of the 1,000 first arrests is based on the distribution of arrests of ind - 
viduals under 18 given in the 1965 ‘‘Uniform Crime Reports.” 


"3 Age 16 was chosen because the number of arrests 
this age. 

57 These estimates of current criminal career costs differ somewhat from those 
previously estimated by the Space-General Corp. (‘Prevention and Control of 
Crime and Delinquency in California Final Report’; Space-General Corp.:; July 
29, 1965, pp. 65 ff.) largely because of several important differences in definitions. 
The Space-General analysis considered offenders rather than arrestees, thus neces- 
sitating fairly arbitrary estimates of the probability of not being caught after com- 


for Index crimes peaks at 


individuals were then simulated by cycling through the 
model, taking the probabilities of rearrest over time, and 
the distribution among the Index crimes of each group 
of rearrested persons broken down according to the crime 
for which they were rearrested. The simulation showed 
an eventual accumulation of 3,010 subsequent arrests. 
These include a greater proportion of the more serious 
offenses than the 1,000 original offenses. For example, 
homicides, rapes, and robberies were several times more 
prevalent among the rearrests than among the first ar- 
rests. The less serious Index crimes of larceny and auto 
theft, on the other hand, became less prevalent. 

These results, though only tentative, raise questions 
about why successive arrests appear to be for more serious 
crimes. ‘This phenomenon may be due to the aging of 
the individuals, to the development of antisocial attitudes, 
or possibly even to reactions to treatment by the criminal 
justice system. It suggests the seriousness, in terms of 
escalating criminal conduct, of the problem of recidivism. 
A question to be explored is whether the rearrest prob- 
abilities and the crime-type distributions become worse 
for those who are processed further through the system. 
If that is the case, it may result either from differences 
among individuals who reach the various stages or from 
the treatment itself. Unfortunately, data to examine such 
basic questions do not now exist, but the questions are 
sufficiently important to warrant an intensive effort to 
collect the pertinent data, and ultimately, after hypotheses 


are developed, to conduct appropriate controlled experi- 
ments. 


Effects of a Hypothetical Treatment Program 


The first illustration above focused on costs and the 
second on crime control effectiveness as reflected in crim- 
inal careers. The model also can be used to compare 
alternative criminal justice system designs in terms of both 
cost and effectiveness. This third illustration examines 
a hypothetical treatment program in this context. Be- 
cause no adequate data were available, completely ar- 
bitrary numbers and simplified assumptions representing 
a hypothetical program were chosen for the illustration. 
Once data from real programs become available, then 
revised realistic results can be obtained. 


mitting a crime. Furthermore, it considers re 
type of crime (i.e., it used only the diagonal 
addition the Space-General analysis treated re 
infinite lives. i a probability 


peated offenses only within the same 
terms of the recidivism matrix). In 
peated offenders as though they have 
of repeating that declined with 


resulting in the limited criminal careers of 8 to 12 years. Finally, the CE 
General analysis allocated all police costs, detective and patrol, to felony crimes 


This model assigned only one-quarter of patrol costs to Index crimes. 
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Table 15—Simulated Effects of Two Hypothetical Community Treatment Programs ! 


Total career arrests and career costs 
First Index arrest of individual at age 16 for— With use of current programs |_ cs i Loc a ea 
only are 
Sentenced in adult court Arrested as a juvenile 2 
Arrests Costs Arrests Costs Arrests Costs 
Murder and nonnegligent manslaughter 3.6 € 
der and nonnegligent manslaughter__..._______........_-_ : $11, 600 3.4 11, 500 24 $7, 800 
ae ape 5 ete ee ae sR ee ee ea he i a ae : ae ae 6, 800 
Se RE LS cn, TR cope apc hd 8 Ue a BR ay ian ER, Ng i ' 4. 12, 200 : ’ 

penevatod SSA Dee oat ie ek a eh oe 3.6 9, 400 3.4 8, 900 2.1 4, 700 
LT Fes or eer a 4.6 14, 000 4.3 12, 900 25 7, 500 
Lea ¢$50 DIS peteres 2 OS lye oe Baia 6 Ao ee ee Rc ies 3.8 11, 900 3.5 11, 800 2.1 6, 700 
UVC eeteaee SP A deiprestans Racine = cca dale ey aaa el 3.7 11,000 3.5 10, 300 2 5, 900 


1 Persons treated in the hypothetical programs are assumed to h 1 
rate than persons not treated. a“ sh ala i gal 


The average number of career arrests and the costs of 
those criminal careers were calculated under three dif- 
ferent sets of circumstances,®* as shown in table 15: 


First, conditions typifying present programs. 


Second, all sentenced adults are assumed put into 
a hypothetical intensive treatment program which 
produces a one-third reduction in rearrest prob- 
abilities.*° Compared to current probation, offend- 
ers remain in the new program 40 percent longer 
and receive four times as intensive supervision (i.e., 
it was assumed to cost four times as much to provide 
a day’s supervision to an offender) . 


Third, instead of a new program for sentenced 
adults, all arrested juveniles are assumed to be put 
into a hypothetical program which produces a one- 
third reduction in their rearrest probabilities. To 
illustrate another approach to handling of costs, the 
additional costs of the new program are ignored in 
this computation. This could be done where there 
is gross uncertainty about the additional costs; one 
can still estimate the cost savings resulting from the 
increase in effectiveness to indicate a minimum war- 
ranted investment, but a complete cost-effectiveness 
analysis cannot be conducted. 


In this example, the sentenced-adult program was 
found to reduce rearrests and career costs by about only 
7 percent per offender. The value is so low because 
fewer than 20 percent of the adults arrested are ever 
sentenced and thus exposed to the new program.°*® Juve- 
niles and the other 80 percent of the arrested adults do 
not have access to a program restricted to sentenced 


adults. 


If all arrested juveniles could be treated so that there 
would be a reduction in their rearrest probabilities, there 
would be about a 40-percent reduction in average Career- 
arrests,°' and an associated reduction in criminal justice 
system costs of about $5,000 per individual treated. 
Thus, at least $5,000 could justifiably be spent per 
individual to achieve these results, and undoubtedly more 


= — 


83 In all three cases, the population studied was made up of individuals arrested 
for the first time for an Index offense at age 16. . ; 
89 Jt should be noted that these numbers are completely hypothetical. It is 
not clear how much reduction in recidivism is possible, and what resources would 
be required to achieve it. At present treatment may in fact have an adverse 


effect on some offenders. 


90 If the program were effective, changed sentencing practices directing more 


2 The career costs in this column do not include any additional expenditures for achieving 
the reduction in rearrests. 


considering the other advantages of the reduction in 
crime. These hypothetical results merely indicate that 
if an effective corrections program were available, it 
would have greater impact if it were applied earlier in 
the life of the individual, and at an earlier stage in the 
system where more people can benefit. There is no 
suggestion that such a program is now available. 


FURTHER MODEL DEVELOPMENTS AND DATA 
NEEDS 


The coming years will almost surely see a wide variety 
of innovative programs by criminal justice agencies. If 
these programs are accompanied by careful experiment, 
design, and evaluation, they will begin to provide some 
of the basic data needed to refine and extend the use of 
systems analysis and of models such as that developed 
by the Task Force. In turn, the development of sys- 
tems analysis will increasingly suggest new alternatives 
and identify additional data needs and required research 
and experiment. In time it will begin to be possible to 
address with much greater accuracy questions more 
operationally relevant than those which were possible 
with this model—questions such as: 


[] The effects upon court and correctional caseloads 
and operating costs of a given percentage increase 
in police clearance rates. 


[_] The effects upon court and correctional costs and 
workloads of providing free counsel to all arrestees. 


[] The effects upon costs and arrest rates in a particular 
state of instituting a given community treatment 
program for certain sentenced offenders. 


[] The projected workloads and operating costs of 
police, courts and corrections for a given number 
of years. 


(] The effects upon recidivism and associated costs of 
statistical techniques which permit sentencing 
judges to prescribe optimum treatment programs. 


To undertake such analyses will require a completeness 
and detail of description and a level of data which will 


offenders into the program might result. Accounting for such interactions is one 
of the most difficult problems in «sing such a model to examine significant 
perturbations to the system. 

%1 In terms of reduction in career rearrests, 149 reduction in rearrest probability 
in the juvenile program would be equivalent to a 1% reduction in rearrest 
probability in the sentenced adult program. 
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take many years of research to develop and which will 
always have elements of uncertainty. 

It is therefore important that further work on total 
system models be undertaken in conjunction with specific 
State and local agencies. The work should include fur- 
ther methodological development such as sensitivity 
analysis to determine the sensitivity of the results to values 
of the various input parameters, examination of different 
cost allocation procedures, examination of the interactions 
among system components (e.g., effect of improved police 
effectiveness on sentencing decisions), and validation of 
the model by comparison with actual program experi- 
ence. ‘The work on the model should be supported by a 
comprehensive program to collect data on other relevant 
costs in addition to direct operating costs, and on ar- 
rest rates as a function of factors like age, economic level, 
and previous treatment by the criminal justice system. 

Some specific present data needs have been highlighted 
by the work with this system model. Much of the pub- 
lished data are inconsistent, incomplete, and inaccurate. 
For example, different criminal justice agencies report 
their operations in inconsistent units: the police report 
“arrests,” the courts report ‘“‘cases,”” and corrections agen- 
cies report “offenders.” These are adequate for manag- 
ing the individual agencies, but preclude relating informa- 
tion across the system. The numbers of people processed 
at each stage by each agency are needed. 

A major limitation of available data is that they are 
collected with reference to a legal taxonomy of crime, 
which is not necessarily relevant to many important ques- 
tions concerning crime control. There are serious prob- 
lems in using the available statistics for the study of police 
and corrections operations. The marauding assault is 
indistinguishable from the argument that got out of hand, 
the professional auto theft indistinguishable from the joy- 
ride. ‘This data problem is severe and until uniform 
standards in greater detail prescribe the type of informa- 
tion reported and the basic definitions used, all analysis 
of the criminal justice system will be hobbled. 

There are many important variables describing the 
crime, the situation, the victim, and the perpetrator, etc., 
that are not available but are required to characterize a 
crime more usefully for research, operational planning, 
and assessment of the crime problem. Included among 
these are the following: 


Location of crime (e.g., home of victim, 
private building, public place). 


Time of crime. 


Nature of the victim (e.g., Stranger, ac- 
quaintance, relation, organization, society gen- 
erally, consenting party, provoker, accomplice ; 
in addition, age, sex, and other personal quali- 
ties). 


Loss suffered by victim (death, hospitaliza- 
tion, minor injury, psychological trauma, per- 
manence of injury, value of property loss or 
damage, whether or not property recovered ) 


Nature of the offender (e.g., conspiracy, in- 
dividual; in addition, age, sex, residence, 
economic status, and other personal qualities) . 


Apparent purpose of the crime (e.g., harm, 
gratification, economic gain, temporary use of 
property). 


Nature of force involved (e.g., weapon, 
physical force against person, forced entry into 
premises, threat). 


There are many instances in which no data at all is 
available. Merely improving the quality of information 
reported today is not going to be sufficient for analyzing 
the problem of crime. We know much too little about 
how various actions of the criminal justice system affect 
the number and types of crimes committed by different 
classes of offenders. The quantitative effect upon crime 
rates of administrative changes in the criminal law, in 
police operations, in prosecutorial policies, in court prac- 
tices, and in correctional methods is largely unknown. 

To remedy this situation, data are needed on recidi- 
vism (e.g., rearrest rate, reconviction rate) by type of 
crime and treatment accorded individuals by the criminal 
justice system. It is important to know how recidivism 
varies with how far a person travels through the criminal 
process (released after arrest, prosecution dropped, dis- 
missed or acquitted at various stages in court proceed- 
ings, put on probation, paroled, discharged from a cor- 
rectional institution). Rearrest rates are needed at each 
such point, as a function of age and other relevant demo- 
graphic variables, and also related data on how persons 
who exit from the system after an arrest for one kind of 
crime switch to other kinds of crime. 

Ideally, this information would be obtained by prospec- 
tive studies of the criminal histories of samples of children 
born today. But the crime problem will not wait for 
that information. Retrospective studies are needed in the 
meantime. These would use samples of arrested persons 
matched by criminal career attributes, such as number of 
arrests for crimes of given types, number of convictions, 
numbers of times probation has been granted, number 
of incarcerations, and such personal attributes as age, 
race, sex, and economic status. Although a number of 
small studies have been undertaken to develop data for 
various hypotheses, much larger scale and more exhaus- 
tive efforts are needed. 

In interpreting these data, care must be exercised to 
avoid interpreting spurious correlations as causes. For 
example, if data showed that rearrest rates do increase as 
offenders are processed further into the system, it might 
be concluded that processing through the later stages 
causes this increase. It may be that rearrest rates in- 
crease because offenders who are processed farther into 
the system are more criminal. The assignment of cause 
requires carefully controlled experimentation. This dif- 
ficulty of interpreting results from retrospective studies is 


an important reason for using samples of matched 
offenders. 


About the only data now available from controlled ex- 
periments relates to the effects of some experimental re- 
habilitation programs upon recidivism. Even these are 
limited by “Hawthorne effects”—the changes in behavior 
created merely by the awareness of participating in a spe- 
cial experimental program. Furthermore, treatment per- 
sonnel in experimental programs tend to be far more com- 
petent and more motivated than the average. It is 
important to be able to estimate what will happen when 
the program is placed in the hands of the ordinary staffs. 

One way to develop the needed data would be to keep 
detailed records on a large sample—perhaps 20,000—of 
those arrested in a particular jurisdiction, following them 
as they are processed through the police, courts, and cor- 
rections agencies. Data would be recorded on the costs 
incurred, the delays experienced, and the proportion fol- 
lowing each route through the process as a function of the 
type of crime committed and characteristics of the indi- 
vidual, including age, previous record, economic status, 
type of counsel, etc. These data should then be related 
to the future criminal activity of this cohort of arrestees 
to estimate recidivism probability as a function of treat- 
ment by the criminal justice system. 

In summary, five basic requirements for improved data 
collection have been identified : 


Accurate and complete data on all system-related 
events from arrest through release are needed to de- 
scribe the operations of the various agencies of po- 
lice, courts, and corrections. 
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Each event in police, court, and corrections op- 
erations should be related to the number and char- 
acteristics of the offenders involved in it. Data 
should be collected on the number of arrests and 
charges processed by the police and the number of 
offenders arrested and charged. Similar data should 
be collected on the number of cases at each stage 
in court proceedings and the numbers of defendants 
in these cass. 


The rearrest rates at each system exit point should 
be estimated as a function of age, sex, and other 
personal attributes. The probabilities that released 
offenders will switch among the various types of 
crime on rearrest should be obtained for each exit 
point. 


Retrospective studies of criminal careers of sam- 
ples of matched offenders should be undertaken as 
soon as possible to tap available sources of data. 


Prospective studies of cohorts of juveniles and of- 
fenders released at various stages should be started 
now so that the limitations of retrospective studies 
can be overcome in the future. 


While collecting and processing such a large amount of 
data is clearly a difficult task, it is well within the capa- 
bilities of today’s technology and will be considerably 
aided by the development of a national criminal justice 
information system. 
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Chapter 6 


Criminal Justice Information 
Systems 


THE NEED FOR BETTER INFORMATION 


CAPABILITIES 


The importance of having complete and timely infor- 
mation about crimes and offenders available at the right 
place and the right time has been demonstrated through- 
out this report and, indeed, throughout the Commission’s 
work. With timely information, a police officer could 
know that he should hold an arrested shoplifter for having 
committed armed robbery elsewhere. With a more de- 
tailed background on how certain kinds of offenders 
respond to correctional treatment, a judge could sentence 
persons more intelligently. With better projections of 
next year’s workload, a State budget office would know 
whether and where to budget for additional parole 
officers. 

Modern information technology now permits an assault 
on these problems at a level never before conceivable. 
Computers have been used to solve related problems in 
such diverse fields as continental air defense, production 
scheduling, airline reservations, and corporate manage- 
ment. Modern computer and communications technol- 
ogy permits many users, each sitting in his own office, to 
have immediate remote access to large computer-based, 
central data banks. Each user can add information to a 
central file to be shared by the others. Access can be 
restricted so that only specified users can get certain 
information. 

Criminal justice could benefit dramatically from com- 
puter-based information systems, and development of a 
network designed specifically for its operations could 
start immediately. Such systems can aid in the following 
functions: 


Police patrol—Enabling a police officer to check 
rapidly the identification of people and property 
against a central “wanted” file. 

Crime investigation Providing a police officer 
or detective with supporting information files such 
as crime patterns, modus operandi, criminal asso- 
ciates, and perhaps in the future, the ability to match 
latent fingerprints from a crime scene against a cen- 
tral fingerprint file. 

Police deployment.—Altering police deployment 
in response to changing patterns of crime on an 
hourly, daily, seasonal or emergency basis. 


Sentencing and correctional decistons.—Providing 
more complete history of an offender and his re- 
actions to prior correctional actions; statistical esti- 
mates of the effects of different kinds of treatment 
on different kinds of offenders. 


Development of correctional programs.—Analyz- 
ing complete criminal case histories to evaluate the 
effectiveness of different programs. 


Protection of individual rights——Assuring that 
arrest records include court disposition, thereby 
presenting a fairer picture to the police and to 
judges; restricting access to certain criminal records 
after a specified period of good conduct. 


Budgeting.—Collecting uniform statistics on 
agency operations and workloads, providing a basis 
for estimating personnel needs and for optimum 
allocation of men and dollars. 


Research.—Providing a collection of anonymous 
criminal histories to find out how best to interrupt 
a developing criminal career and to achieve a better 
understanding of how to control crime. 


Public education.—Portraying the true magnitude 
of the problem of crime in the United States. ' 


The information problem has three principal dimen- 
sions: 


1. Type of information: 

Inquiry information.—Facts about want- 
ed persons or property needed on immedi- 
ate recall (‘‘on-line” in “real-time” ) by the 
police. 

Personal information.—Containing rele- 
vant background facts about people with 
whom the system must deal. 

Management information—Needed bya 
criminal justice official on the operation 
of his agency to help him manage it 
better. 

Statistical information—On crime, on 
the nature of criminal careers, and on the 
operations of criminal justice agencies. 
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2. Component of the criminal justice system: 
Police. 
Courts. 
Corrections. 


3. Government level: 
Federal. 
State. 


Local, including county, city, and metro- 
politan area. 


All combinations of these items must be considered in 
an integrated information system. At each governmental 
level, and in all system components, good statistical and 
management information are needed. Some of the statisti- 
cal needs have been discussed in the previous chapter. 
Inquiry information is needed primarily by the police, 
especially at State and local levels. Personal information is 
needed for arrest, sentencing, and correctional decisions 
at all levels. 

A major difficulty in obtaining needed inquiry or per- 
sonal information today arises from the fact that it is 
frequently recorded in a jurisdiction other than the one 
in which it is needed, The mobility of offenders and nar- 
row police jurisdictions require sharing common infor- 
mation banks. A stolen car or a wanted person can tra- 
verse many jurisdictions in a few hours. Criminals often 
leave an area where they are well known. The mobility of 
offenders and stolen property is evidenced by the fol- 
lowing: 


C) In 1965, 18.7 percent of stolen autos were recovered 
outside the police jurisdiction of theft.” 


C) Over twenty thousand stolen autos were recovered 
under the Interstate Transportation of Stolen Auto- 
mobiles Act (the Dyer Act) in 1965.°° 


O In 1965, 8,884 fugitives sought by State and local 
law enforcement agencies were identified by finger- 
prints submitted to the FBI by agencies other than 
the agency wanting the person.” 


O Almost 50 percent of recent offenders in FBI files 
had been arrested in two or more States."4 


These data provide important indications of the utility 
of information transfer, but they are only preliminary. 
Much more study is needed on the extent of mobility 
within a metropolitan area, within a State, within a 
region, and nationally. Furthermore, the value of vari- 
ous kinds of files in apprehending offenders and in de- 
terring crime must still be determined. There must be 
a strong and continuing assessment of the effectiveness 
of information systems in criminal justice. There are 
now no good measures of the value of information sys- 
tems, and the operating statistics on which to base such 
estimates are not now being systematically gathered. 
These data are needed to design future systems and to 
decide what functions they should perform. Only then 
can the cost of implementing various functions be weighed 


against their utility. 
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Even more fundamental is the question of the value 
of various information items themselves. No informa- 
tion system should simply put into a computer that which 
is now being collected. Rather, it should re-examine the 
information currently recorded, consider other items, and 
then by careful judgment, analysis, and experiment, try 
to ascertain what information is most important. Once 
a prototype installation is operating, evaluation of its 
performance will help highlight the critical information 
that should be kept and made available and the oper- 
ational value in doing so. 

Despite the difficulty of estimating their value or 
specifying their optimum information content, informa- 
tion systems should be developed. Experience in other 
applications has shown that in a new field it is more 
important to implement systems in a modest way to gain 
practical experience and understanding in operating 
them, using these initial installations to aid in the design 
of following systems. 

Similarly with statistics, their precise value cannot be 
estimated. But understanding and analysis of other large 
social systems, such as the U.S. economy, developed only 
after good operating statistics became available for 
analysis. 

The assessment of the value of. information systems 
should begin immediately with ones now operating. A 
number of systems are now operating or being planned at 
each governmental level. For example: 


The National Crime Information Center (NCIC) 
has been implemented by the FBI to provide im- 
mediate access to stolen-auto, stolen-property, and 
wanted-persons information nationally. It services 
15 terminals initially, and will eventually be ex- 
tended to all States and many large cities. 


The New York State Intelligence and Identifica- 
tion System (NYSIIS) and the California Intelli- 
gence and Identification System plan to provide 
statewide services such as criminal history, finger- 
print and name identification files, wanted-persons 
files, gun registration, modus operandi, sex and nar- 
cotics registration, and statistical information. 


The California Auto-Statis and the New York 
State Police inquiry systems provide immediate ac- 
cess to stolen automobile files. 


The Police Information System (PINS) of 
Alameda County, Calif., provides access to wanted- 
persons files for county and local law enforcement 
agencies as well as an automatic tie-in to the Cali- 
fornia Auto-Statis System for wanted vehicles. 


St. Louis, Chicago, New York, and other cities 
have computer systems that provide information on 
stolen autos, stolen property, wanted persons, crimes, 
arrests, other management statistics, and help in 
police resource allocation. 


Some of these systems duplicate files kept at higher gov- 
ernmental levels—auto files, for instance. Each agency 
addresses its own specific and immediate needs. To mini- 


92 “Uniform Crime Reports,”’ 1965. The police jurisdiction of recovery would 
often be an adjacent jurisdiction. 
83 1967 FBI appropriations hearings. 


*4 “Uniform Crime Reports,’ 1965, based on a survey of about 135,000 offenders 
in the FBI ‘Careers in Crime”’ series, not a representative sample of all offenders, 
since it is biased in favor of Federal offenders. 
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mize this duplication and potential conflict, it would be 
desirable to establish some overall system structure and 
program of implementation. Active development to 
meet immediate local needs could then proceed in a more 
integrated way. This chapter attempts to outline such 
an overall program. 

In developing such a program, the problems and needs 
for information were discussed with knowledgeable opera- 
tional personnel in police, courts, and corrections agen- 
cies, and many of the organizations which have imple- 
mented some form of information system were visited. 
Most of the recent system studies conducted for specific 
agencies were reviewed. 

Based on this work and with the active assistance of 
personnel experienced in creating information systems 
for this and other applications detailed information flow 
diagrams were developed for: 


(1) The operational information flow in a large mu- 
nicipal police department; 


(2) The information interchange required between 
police and investigating agencies on the local, 
State, and Federal levels; 


(3) Municipal courts and courts of general jurisdic- 
tion; 

(4) Information needed within and between correc- 
tional agencies, both juvenile and adult, at the 
county, State, and Federal levels; 


(5) The gathering of operational statistics as an anal- 
ysis, evaluation, and development tool. 


Examples of gross flow diagrams are presented in 
appendix G.°° These can serve as starting points for 
many criminal justice agencies designing their own sys- 
tems to meet their own needs. The flow charts are avail- 
able in computer-readable form and can be used for 
future system function and flow analyses. 

These discussions and information flow diagrams have 
identified a number of system functions on the basis of 
which the Task Force has outlined a possible system struc- 
ture directed at the needs of the various levels of the 
criminal justice system (i.e., the local, metropolitan, and 
State needs) , and a possible supporting national structure. 


GENERAL CONFIGURATION OF AN _ INTE- 
GRATED CRIMINAL JUSTICE INFORMATION 
SYSTEM 


Since the administration of criminal justice is primarily 
a local and State function, a national criminal justice 
information system must be geared to their requirements. 
Fundamentally, the information system must be directly 
accessible to them and they must specify the information 
they need from other jurisdictions. This leads to a con- 
cept of a hierarchy of information interchange and in- 
formation files. This approach leaves with the local 
implementing agencies the greatest amount of design 


flexibility in tailoring their own system to seria nee 
requirements. Information to be exchanged wit e i 
jurisdictions must, however, meet minimum standards 
of content and format. Furthermore, reporting Juris- 
dictions must be responsible for updating their portion of 
a common information pool. Only that way can the 
files be kept current and complete and the system not 
saturated with useless information. ; 

The possible system configurations range from a highly 
centralized Federal system, containing all the Nation's 
criminal justice information with a communication link 
reaching every criminal justice agency, to a completely 
decentralized system with independent computers located 
at every police, court, and correctional agency. The 
approach recommended here relegates to the local or 
State levels the bulk of the information system while 
placing at the national level the information thought to 
be of significant value to a number of States and to F ed- 
eral law enforcement. One version of this concept would 
entail several regional centers, each covering several ad- 
jacent States. A limited national system has the advan- 
tages of being easier and quicker to implement, and less 
costly. In addition, it could provide service to States 
which do not now have sufficient need for their own 
system, and so will not implement their own for at least 
several years. 

Centralizing too many of the functions under Federal 
control has the strong danger of excessive Federal control 
of State operating responsibilities. Hence, the assign- 
ment of Federal functions must be done with considerable 
caution, perhaps under the guidance of an advisory com- 
mittee sensitive to these problems and to the needs of 
local law enforcement. 

Local and State participation in the national criminal 
justice information system must be optional. Those that 
do choose to participate, however, will have to meet mini- 
mum standards of data format and content to permit the 
accurate transfer and interpretation of records. The 
total effectiveness of this system, of course, is based on 
having a large segment of the criminal justice community 
participating. 

The general form of a possible national information 
system is shown in table 16. At the national level, there 
could be a central inquiry system. It would respond 
within seconds or minutes to police queries from anywhere 
in the Nation. It would include files of stolen autos, 
licenses, guns, and serialized or otherwise identifiable 
valuable property. In addition, it would list the names 
and identification of persons wanted for extraditable of- 
fenses. Such a system is now being operated on a trial 
basis by the FBI. 

Personal information about adults with criminal rec- 
ords would be included in a directory which lists the 
formal matters of record of contact with criminal justice 
agencies. Dates and places of arrest for serious crimes, 
court disposition, sentence, correctional assignment, pro- 
bation and parole would be recorded. More detailed 
information would be available from the local agencies. 
Records of persons with no recent arrests % could be 


* Detailed diagrams for generic operating agencies are in “Flow Diagrams for 
Criminal Justice Information Systems,” a report now in preparation, The report 
will be available from the Clearinghouse for Federal Scientific and Technical 


Information of the National Bureau of Standards. 
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\ Decisions must be ‘made on the minimum duration since the last contact with 
criminal justice agencies that warrants transferring records to the secure file 
This time would depend on the types of crimes and the extent of the record 


Table 16.—Users of Files in an Integrated National 
Criminal Justice Information System 


Type of file 
; Personal information 
Inquiry Poa Statistics 
Directory 1 Registry 2 

Required Minutes___-| Hours._______ Daysae one Weeks. 

response time. 

National________ Police....__| Allcriminal | No file kept..._- Criminal justice 
justice agencies, research 
agencies. projects, Govern- 

ment public 
information offices. 

State2- =.0 (Eger go edo oe Courts and cor- Do. 

rections only. 
Locale. cee SAO See ees fe |. era | Seca dozee ses Do. 


‘Index of record information as to formal contacts with criminal justice agencies. 
2 Collection of related background materials (probation reports, educational records, etc.) 
kept by some States. 


placed in a more secure file, accessible only for investiga- 
tion of the most serious crimes. 

Access to the national directory will normally be by 
means of a set of fingerprints, using either the present 
manual techniques or future automated techniques that 
might be developed. In the future it may be possible to 
add latent fingerprints and a repetitive offender subfile 
accessible by other investigative data such as a name, 
personal appearance, and modus operandi. 

Finally, a National Criminal Justice Statistics Center 
should be established in the Department of Justice. The 
center should be responsible for the collection, analysis, 
and dissemination of two kinds of data: 


_] Those characterizing criminal careers, derived from 
carefully drawn samples of anonymous offenders. 
For specific studies, more detailed data on samples 
of individuals could be drawn from the States. 


(J Those on crime and the system’s response to it, as 
reported by the criminal justice agencies at all levels. 


The Science and Technology Task Force collaborated 
with the Task Force on Assessment of Crime in develop- 
ing a program for a National Criminal Justice Statistics 
Center. The proposal is detailed in full as chapter 10 
of the Assessment Task Force volume. 

At the State level, an inquiry file similar to the national 
file would be maintained. The State file would be more 
extensive, however. It would include other kinds of 
files—motor vehicle registrations and gun registrations, 
for example—and would have a lower threshold of se- 
riousness—persons wanted for nonindictable offenses, less 
valuable stolen property, etc. 

A State would also have a directory recording a per- 
son’s contacts of record with the State’s criminal justice 
agencies. Here, too, the threshold would be lowered to 
include offenses not serious enough for the national 


directory. 
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In addition, to support court and correctional decision- 
making some States could establish more detailed records 
on persons in their directories. This registry could con- 
tain such background information as education, employ- 
ment, military service, and probation reports. Such files 
could also be used to provide basic data for assessing the 
effectiveness of the State’s different correctional programs. 
Because of the sensitivity of much of the information in 
the registry, its use should be restricted only to court or 
correctional agencies. 

Much smaller and simpler information systems could 
be established for county courts to process court manage- 
ment records, to keep track of prisoners awaiting trial, to 
handle the probation office’s information, and to provide 
access to State files for aid in preparing presentencing 
reports. This system might be integrated with local 
police, county sheriff, or other county management 
functions. 

In large cities and metropolitan areas, police informa- 
tion systems would be established to provide access to 
State and national inquiry systems, to record crime and 
arrest reports, and for analysis of crime patterns, resource 
allocation, and other local management functions. In a 
metropolitan area, the system could be operated by a 
joint authority serving all the associated communities or 
by the core city police department offering services to the 
neighboring police departments on a fee basis. 


IMMEDIATE RESPONSE INQUIRY SYSTEMS 


A police officer frequently needs to know, within a 
matter of minutes, whether individuals or vehicles or 
other property, are wanted within his jurisdiction or 
elsewhere. This information must be available rapidly— 
within 1 to 5 minutes—to minimize the time he spends 
and the inconvenience to the detained person. Other 
information, which may not be needed so quickly, could 
similarly be made available.°* This includes vehicle and 
firearm registrations, crime reports, and missing person 
reports. 

An inquiry system could also support crime investiga- 
tions. One of a small group of frequent serious offenders 
could be identified in response to an inquiry of name, 
aliases, personal appearance, modus operandi informa- 
tion, or other known characteristics revealed in a crime 
investigation. ‘The design and use of such a file must be 
carefully considered to assure that the queries and the 
individuals’ descriptors are complete enough to produce 
only a small number of responses to an inquiry. 

Table 17 lists various files that might be maintained in 
inquiry systems. As indicated on the table, different in- 
formation would be retained at each governmental level. 
The required time to respond to an inquiry would also 
be different for each kind of file. 

Separate statewide inquiry systems could provide im- 
mediate information on stolen property and persons 
wanted within the State. An automobile recovered with 
its proper license plates could be checked against the State 
in which it is registered. For other property and for 
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7 ore information is passed between the officer on the street and a cen 
file chomeel for more radio spectrum, discussed in chapter 3, will become even 


more pressing. 
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Table 17.—Possible Inquiry Files 


File contents or function 


Criteria for entry into file at each governmental level 


National 


State 


Local, county, metropolitan 


Required response 
time to inquiry 


SHOlGnI AUG) Srey oe ee Ae Sk 
Unrecovered stolen vehicles. 
Unrecovered identifiable stolen auto parts. 
Stolen auto license plates. 
Vehicles wanted in connection with felonies 

Stolen identifiable plone AE i ee es oe ee ee 
Individually serial numbered items. 
Multiple serial numbered items. 


Warrant file administration (felony, misdemeanors, traffic, 
civil, record of ‘‘attempts to serve’’). 
Stolen auto and wanted-persons ‘‘hot sheets’_...________ 
Repetitive offenders 
Name index. 


S 


d 


ments (checks, bonds, stocks, etc.). 

Names used on fraudulent documents (tentative identifica- 
tion of persons responsible). 

Missing persons (assist in identification and location of 
missing persons). 

Sex and narcotics (directory of sex and narcotics offenders) 

Crime reports (all pertinent information as source document 
for system files and statistics). 

Arrest reports (all pertinent information as source docu- 
ment for system files and statistics). 

Ballistics (characteristics and ‘‘trademarks"’ of firearms 
and bullets on file). 

Correlation of wanted persons, crime, arrest, and field inter- 
view reports (as an investigative tool for retrieving and 
correlating all information on presence of suspects near 
scene of crime, crime patterns, possible suspects, 


After 24 hours 


Immediately. 


Value greater than $1,000. 
Value greater than $5,000. 
Discretion of reporting agency. 


All reported 


Federal warrant outstanding __- 
Reporting agency willing to 
extradite. 


Associated with some serious, 
repetitive, mobile offenders 
in the national directory. 


“‘modus operandi,”’ checks, etc). 


Immediately 


All significant items not in 
national system. 


Reporting agency not willing to 
extradite (does not include 
traffic warrants). 


For state police or highway 
patrol. 

Associated with serious, repet- 
itive offenders in State 
directory. 


All registrations 


All registered firearms_________ 
All reported documents 


Immediately (maintained if 
there is no State system). 


Low valued or “‘special inter- 
est'’ items. 


All warrants 


For local patrol officers and 
detectives. 


All recent crimes and field 
interviews reported. 


Less than 5 minutes. 
Do. 


Do. 


Do. 


Less than 15 
minutes. 
Once per shift. 


Less than 15 
minutes. 


Less than 5 minutes. 


Less than 15 minutes. 
Do. 


Do. 


Less than 2 hours. 
Do. 


Do. 
Do. 
Do. 


' These systems presently being implemented at national level by the FBI as NCIC with a nationwide teletype network. 


persons, such an inquiry would theoretically have to be 
addressed to every State, requiring each State to imple- 


ment its own system and calling for 
cations to every other State. 


complex communi- 


A second alternative would 


be to establish a limited number of regional systems cen- 
tralizing information within each region. The regions 
could be interconnected into a national system or could 
be kept separate, accepting the penalty of losing track 
of people or property that cross the regional boundaries. 
A third alternative is to establish a single national reposi- 


tory to which any State may address 
which every State places information 


NATIONAL INQUIRY SYSTEM 


inquiries, and into 


In operating a national inquiry system, reports of stolen 
automobiles, license plates, and identifiable automobile 
parts would be entered immediately into a State file, and 


then transferred to a national file 24 
transfer, the State could either clear 


hours later. After 
the record from its 


file or retain it. Automobiles wanted in conjunction with 
a felony would be entered in the national file immediately, 
Similar high thresholds would be placed on the wanted 
property and people recorded in the national file. 

Such a national inquiry file (the National Crime In- 
formation Center—NCIC) was established on an ini- 
tially limited basis by the FBI at the beginning of 1967. 
This file will contain records of all cars reported stolen 
for more than 24 hours, all persons wanted for extra- 
ditable offenses, stolen guns, and all stolen identifiable 


property valued at over $1,000. 
computer, with terminals initiall 
agencies, and with plans to incl 
Any agency with a terminal ca 


file or inquire wheth 
is listed in the file. 
later. 


The utility of a full 
file depends on the ne 


communications and on the need to provid 


er a perso 


It is maintained on a 
y connected to 15 police 
ude all States eventually, 
n enter a record into the 
n or property in custody 


It will receive an answer seconds 


y interconnected national inquiry 
ed for interstate and i 


nterregional 
€ an inquiry 


capability for those States that do not establish their own 
files. If Such a need should be established, a cost analysis 
(appendix H) indicates that a single central computer is 
more economical than interconnecting separate regional 
computers. This result follows from the fact that com- 
puter processing and storage costs are much greater than 
communications costs. It is important that the States, in 
assessing their own needs and developing their own com- 
puter facilities, and the FBI in operating the NCIC, seek 
to develop information that will provide a basis for a 
sound decision on the needs for and the form of a 
national inquiry system. 

The cost analysis detailed in appendix H is based on 
providing national stolen auto, stolen property, and 
wanted-persons files. The cost and workload estimates 
are based on analyses being carried out for the FBI. 
The data rate is based on crime and arrest projections 
from the “Uniform Crime Reports.” Inquiry rate is esti- 
mated as a function of crime and arrest rates based on 
Operating experience with similar inquiry systems in Cali- 
fornia and St. Louis. The projected monthly crime, rec- 
ord entry, and interrogation rates in 1970 are shown 
below: 


Index offenses | Entry rates Interrogation 
rates 
Stolonmatos 2 tet ee ee 60, 629 57, 876 254, 764 
Wanted persons and property._________ 287, 256 240, 160 431, 000 
(0G tal eves gs BS 347, 885 298, 036 685, 764 


These monthly average entry and interrogation rates were 
multiplied by a factor of four to assure sufficient capacity 
to handle loads at peak periods. 

In operating the system, it was assumed that local 
jurisdictions send all their entries and interrogations to 
a State computer which communicates with the national 
file. For noncentralized inquiry systems, each national 
computer was assumed to update the others continuously. 

Computer operation is assumed to cost $50 per hour °° 
and computer storage to cost $25 per month per million 
characters. Communication costs are derived from GSA 
charges based on Telpak C and D tariffs.° The com- 
puter is assumed to require 1 second to process an entry 
or an interrogation. Communication of an entry is as- 
sumed to take 20 seconds, while the time for an inter- 
rogation (transmission and reply) is assumed to be 30 
seconds. 

An information processing center for each of the 48 
contiguous States and Washington, D.C., was assumed 
located in the State capital. 

Three separate computer configurations were con- 


sidered: 


1. A single centralized national inquiry system. 


2. A national inquiry system divided into two 
locations. 


73 


3. A completely decentralized inquiry system (one 
in each State) in which each State retains the com- 
plete national file. 


For each of these configurations, two cases were consid- 
ered: 


1. Each State transfers its stolen auto information 
to the national system after 24 hours and uses the 
national system to service all its interrogation. 


2. Each State maintains its own stolen auto file 
and only interrogates the national system on out-of- 
State automobiles. 


The results of the analysis are shown in table 18. The 
most economical system for the conditions considered is 
the single central system in which States maintain their 
own records of stolen automobiles even after they are re- 
ported to the national file. The Federal cost for such a 
system would be about $50,000 per month. The two- 
location system would cost about $20,000 more per month. 
These results follow from the fact that computer operating 
costs are far more dominant than communication costs. 
They also depend on an assumption that any noncen- 
tralized file is updated by each entry to permit any in- 
quirer to interrogate the entire national file. The sizable 
overhead costs in maintaining multiple computer installa- 
tions would be additional. 

Because communications costs are so low, the total cost 
of the centralized system is relatively insensitive to the lo- 
cation of the computer. The optimum location would be 
Springfield, Ill., but shifting it to Washington, D.C., would 
raise the national costs by only about $1,000 per month— 
less than 2 percent. 


Table 18.—Estimated Monthly Operating Costs of 
National Inquiry Systems ! 


Centralized system | Two-location system 
(Springfield, 1l.)2 | (Harrisburg, Pa.,¢ 
Cost component and Denver, Colo.)?| Decentral- 
2 & bo: ie ized system 
Case 13 | Case 23 | Case 13 | Case 23 
National communications___..___ 4 $7,900 | 5$6,900 | $7,100 | $6,300 | $126,000 
National computer operations__..| 55,100 | 41,500 | 71,800 | 58,200 
National computer storage... __ 3, 200 3, 200 6, 400 6, 400 
National subtotal.....____ (66, 200)| (51, 600)| (85, 300)| (70,900)} (126, 000) 
States computer operations ?____- 58,300 | 58,300 | 58,300 | 58,300 | 1,251,000 
States computer storage....____- 3, 500 4,700 3, 500 4,700 4,700 
States subtotal. _..._____- (61, 800)| (63, 000)) (61,800)| (63, 000)/(1, 255, 700) 
National and State total... ____. 128,000 | 114,600 | 146,600 | 133,500 | 1,381, 700 
' 


1 Estimates are for 1970. 

2 Minimum Cost Locations. _ 

3 Case 1: States do not maintain stolen auto file beyond 24 hours. Case 2: States do main- 
tain stolen auto file beyond 24 hours. 

4 Add $1,200 if center is in Washington, D.C. 

5 Add $840 if center is in Washington, D.C. : 

6 Washington, D.C., would cost only $50 more for communications. 
ay. irl estimates of stolen-property and wanted-persons files not maintained on na- 
tional level. 


8 The data were provided by the Institute of Telecommunication Science and 
Aeronomy of the Environmental Science Services Administration of the Depart- 
ment of Commerce; National Crime Information Center Tele-Communications 


Study, ITSA Project Number V52362420. 


® Based on 720 hours per month, including equipment backup and personnel 
costs. 

1 The value used is $262.50/month+ $0.45/mile/month (for 6 100 word-per- 
minute duplex circuits) or $43.75/month + $0.0825/mile/month per duplex circuit 
(including 10-percent waste capacity). 
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The cost of converting manual records into a computer 
form would be small for an inquiry file. These are active 
files with relatively short lifetimes, so that over a period 
of 6 months to a year the files could be created even with- 
out a specific data conversion program. 

There are several modifications to the postulated con- 
figurations that could give rise to noncentralized systems 
with operating costs comparable to that of the single cen- 
tralized system: 


O Each user could update his closest file (in his State 
or region) with the other files updated in the slack 
periods, late at night. This would reduce the peak 
demand on each of the computers, and so reduce 
their required operating capacity and computer 
costs. In this case, the cost of storage of about 
$3,200 per month would be duplicated at each 
installation. 


QO) Each regional system would handle entries and in- 
quiries only from its own region. This introduces 
the undetermined penalty of losing track of people 
and property that cross regional boundaries. 


In either case, the economic penalties resulting from 
more, smaller installations and the additional fixed costs 
of operating the multiple installations would tend to favor 
the single central system. 


STATE INQUIRY SYSTEMS 


Since each State has its own internal structure, legal 
codes, registration and reporting requirements, and crime 
problems, each will fashion its inquiry system to its partic- 
ular needs. Many States do not have the volume of crim- 
inal information to justify an inquiry system more complex 
than manual records and the telephone. In some States, 
the primary requirement comes from one or two metro- 
politan areas rather than from the State at large. In 
some areas, several States will join together into an inter- 
state region and create a single common inquiry system. 

The accuracy of the information in the national files 
is the responsibility of the States since the national system 
is a service to the States and no means are provided for 
verifying the information on a national level. In general, 
the State systems should not duplicate information avail- 
able from the national file, except perhaps for automobile 
information. Only items above some threshold of im- 
portance should be kept nationally. States could keep 
the information below that threshold, e.g., stolen prop- 
erty worth less than $1,000, wanted persons they would 
not extradite, and intrastate repeated minor offenders. 

In addition, States could provide access to the motor 
vehicle registration files. Also, some States require gun 
registration, sex and narcotics offender registries, fraudu- 
lent documents registries, and missing persons files. 
Which of these should be made available on-line requires 
further examination of their utility and cost. 

The States would have the further responsibility of 
distributing within the State access to and responses from 
the national inquiry system. 


LOCAL INQUIRY S YSTEMS 


Whether cities, counties, or metropolitan areas establish 
their own inquiry systems depends on what the State 
implements. If the State system 1s complete, then access 
to the State and national system would normally be suf- 
ficient. Where there is no State system, major metro- 
politan areas would probably want to establish their own. 

Even where there is a State system, certain routine 
functions might be implemented locally. These might 
include a local stolen property file, pawn-ticket records, a 
warrant file including “attempts to serve,” and prepara- 
tion of stolen-auto and wanted-person “hot sheets” for 
distribution to patrol officers and detectives. 


HANDLING PERSONAL INFORMATION 
THE PROBLEMS OF PRIVACY 


The most delicate part of any criminal justice informa- 
tion system is the record of previously arrested people 
and accompanying information about them. Such in- 
formation is valuable in making prosecution, sentencing, 
and correctional decisions. But whenever government 
records contain derogatory personal information, they 
create serious public policy problems: 


The record may contain incomplete or incor- 
rect information. 


The information may fall into the wrong 
hands and be used to intimidate or embarrass. 


The information may be retained long after it 
has lost its usefulness and serves only to harass 
ex-offenders, or its mere existence may diminish 
an offender’s belief in the possibility of redemp- 
tion. 


Heretofore, the inherent inefficiencies of manual files 
containing millions of names have provided a built-in 
protection. Accessibility will be greatly enhanced by put- 
ting the files in a computer, so that the protection afforded 
by inefficiency will diminish, and special attention must 
be directed at protecting privacy. However the new 
technology can create both more useful information and 
greater individual protection. 

Some of these problems were reviewed in recent con- 
gressional hearings 1! on a Federal data bank. The hear- 
ings went into the problems of law enforcement informa- 
tion systems and the general problem of the protection 
of personal information files. The report stated: 


It seems evident that if the proposal to create a 
national data bank is adopted, we will have to rely 
only on the hope that benevolent people with be- 
nevolent purposes will operate the system. History 
however, has already taught a terrible lesson illus. 
trating exactly what can happen when large stores 


of information become available to nonbenevolent 
powerseekers. 


WL“The Computer and Invasion of Privacy,’ Hearings before a Subcommittee 
of the Committee on Government Operations (Special Subcommittee on Invasion 


of Privacy), House of Representatives, 89th Con 


Government Printing Office, Washington (1966) gress, July 26, 27, and 28, 1966, U.S. 


The risk involved now in entrusting the liberties 
of the American people to the men of power in the 
future, the names of whom we do not even know 
and whose benevolence we cannot presume to guar- 
antee, is too great for us to take.1°? 


However, when dealing with law enforcement data, 
the rights of society must also be protected. Although it 
warned against dangers to individual rights, the American 
Civil Liberties Union has also recognized the value of a 
crime information center. John DeJ. Pemberton, Jr., 
the ACLU Executive Secretary, made the following ob- 


servations regarding the FBI’s National Crime Informa- 
tion Center: 


Certain valid law enforcement purposes will be 
served by the creation of such a data center. Police 
work and crime detection can be more efficiently 
pursued if information concerning major crimes is 
readily and quickly available to law enforcement of- 
ficials. In addition, such a center can serve as a 
source of vital statistical research on crime and po- 
lice practices in the United States.1°° 


However, Mr. Pemberton pointed out the dangers in- 
herent in incomplete arrest information and information 
not relevant to crime control purposes, particularly with 
regard to political expressions and beliefs. Among other 
recommendations, he proposes several important safe- 
guards: 7° 


Restricting the information content to matters 
of record. 


Restricting the dissemination to criminal jus- 
tice agencies. 


Penalizing improper disclosure. 


Providing individuals access to their records 
and means for correcting them. 


The New York Civil Liberties Union, the Vera Foun- 
dation,’®®? and Committees of the Association of the Bar 
of the City of New York 1° also supported the use with 
limitations of information systems for law enforcement 
purposes. 

The New York State Identification and Intelligence 
System has addressed the problems of handling personal 
information in a State information system: 


The system will not attempt to duplicate all of 
the detailed information currently stored in the indi- 
vidual case jacket and folder-files of participating 
agencies. Such information can be obtained, when 
it is needed, directly from the appropriate agency’s 
files. However, the system will include adequate 
references to those sources, such as indications that 
a subject is currently on probation or parole or is 
confined in a particular facility.’°° 
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Some protection of personal files can come from tech- 
nical security methods which can increase the difficulty 
of penetrating a system. In estimated order of increasing 
cost and complexity, these include: 


O Assigning an identification code number to each 
user and each terminal and checking the validity of 
each inquiry. Codes would be changed periodically. 


QO Transmitting the information by mail or messenger 
if it is not required immediately. 


O Keeping terminal equipment in secure locations to 
prevent access by unauthorized users. 


O Protecting the stored files themselves by “locking” 
them whenever unauthorized persons have access to 
the system such as during computer maintenance. 
Dummy files could be used for maintenance and 
program checking. 


QO Scrambling or encoding transmitted information to 
minimize the danger from tapping of the lines. 


No technical means, however, can guarantee that in- 
formation will not be improperly used. There are many 
steps which can be taken, but every level of protection 
purchased has a possible countermeasure. Even if all the 
information and communications were fully encoded, 
some person or device must decode it, and that person 
or device might become accessible. 

The dangers can be minimized only by insuring that 
the controlling organization is reliable and that the infor- 
mation recorded in this system is the minimum necessary. 
Research is needed to identify what information is useful 
in making correctional or investigative decisions, and the 
information collected and retained should be restricted 
to that material. The organization selected to manage 
and control the file must have the confidence of all agen- 
cies contributing information. The group will have to 
work closely with reporting agencies to assure that correct, 
uniform, and complete information is reported. They 
will be responsible for restricting the information to those 
authorized to receive it. In addition, some mechanism 
will be needed to handle the inevitable flow of requests 
for access to the file for purposes not anticipated when it 
is first established. 

As a check on the users and manager of the file, all in- 
quiries should be kept in a permanent record and that rec- 
ord audited regularly to verify the validity and handling 
of the inquiries. Unauthorized disclosure should be sub- 
ject to serious penalty. 

The audit should be by a different agency than the one 
operating the system. This group could also monitor the 
computer programs to insure that there are no unauthor- 
ized modes of access. They could also try by various 
means to penetrate the system as a running check on its 
security. These provisions are similar to those used to 
protect military information. 

This problem still needs much more study, analysis, and 
judgment. Congressman Gallagher, chairman of the 


102 Op. cit., pp. 312-313. 
103 Op, cit., p. 182. 
104 Op, cit., p. 183. 
10 Op. cit., p. 159. 


10 Op. cit., pp. 180-181. 
107 Op. cit. p. 163, from a NYSIIS brochure, “Information Sharing, the Hidden 
Challenge in Criminal Justice.’’ 
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Special Subcommittee on Invasion of Privacy, in calling 
for such efforts, stated: 


“We must call upon the scientific community, 
which is responsible for the development of this 
[computer] technology, to bear the equal responsibil- 
ity for its control, in order to guarantee adequate pro- 
tection of the freedoms we now enjoy.” 2° 


ORGANIZATION OF PERSONAL INFORMATION FILES 


On the basis of the limited examination it was possible 
to undertake, it now appears that personal criminal- 
record information should be organized as follows: 


QO There should be a national law enforcement direc- 
tory that records an individual’s arrest for felonies 
and serious misdemeanors, the disposition of each 
case, and all subsequent formal contacts with crimi- 
nal justice agencies related to those arrests. Access 
should be limited to criminal justice agencies. 


O There should be State law enforcement directories 
similar to the national directory, but including less 
serious offenses. 


OQ) States should consider criminal justice registries that 
could record some ancillary factual information 
(e.g., education and employment records, probation 
reports) of individuals listed in their State direc- 
tories. This information must be protected even 
more carefully than the information in the direc- 
tories, and would be accessible only to court or cor- 
rections officers. 


The national directory would be similar to an index 
or telephone directory. It would contain basic iden- 
tification information such as name, identification num- 
ber, age, and description. In addition, it would specify, 
for each arrest recorded, the date and jurisdiction, the 
charge, the court disposition, and the assignments to cor- 
rectional supervision. No further background informa- 
tion other than these matters of record should be 
maintained in the national directory. Any more detailed 
background information would have to come from the 
individual agencies noted in the directory record. This 
requirement may pose some added inconvenience in col- 
lecting complete histories and in conducting research on 
criminal careers. However, the potential dangers inher- 
ent in a massive central dossier outweigh these disadvan- 
tages. 

In addition to aiding criminal justice agencies directly, 
the directory, with names removed, represents a valuable 
research tool. The development of criminal careers 
could be studied, particularly to assess the effect of ac- 
tions by the criminal justice system. More detailed back- 
ground information on selected samples of offenders could 
be collected from the agencies identified on their records. 

In establishing the criteria by which names should be 
entered, some lower threshold of seriousness of crime 
must be set. Crimes less serious than that threshold, 
such as minor misdemeanors, should not be recorded. 


18 Op. cit., p. 315, 
1 Some data indicate that 99 percent of rearrests occur within 5 years after 


The data conversion cost to implement the national 
directory on a computer is large. In a study neo for 
NYSIIS, the cost of converting the State criminal iden- 
tification files averaged $4.50 per record (approximately 
$2,250,000 for 500,000 records). Preliminary estimates 
indicate that in 1970 the national identification files will 
contain the records of about 12.5 million persons which 
should be converted. This would involve, at the present 
state-of-the-art, a cost of $56 million. Even with the 
more easily read “rap sheets” and improvements 1n op- 
tical character readers, this cost could easily amount to 
$10—-$20 million. é 

Trade-off studies must be performed to determine the 
optimum storage means. The low update rate (six up- 
dates in 3 months for a very active case) and the relatively 
slow access time required makes acceptable response times 
of over 2 hours. The estimated storage requirement is an 
average of 800 characters per record, or a total of 10 
billion characters. Even at the relatively low cost of on- 
line storage in a data cell ($7.20 per million characters 
per month), this would involve a cost of $72,000 per 
month. Therefore, other means should be considered, 
such as offline storage and mounting or optical charac- 
ter storage in aperture cards. 

The national directory would be similar to a current 
FBI service. Today, when a police department sends 
fingerprints to Washington, they are checked against a 
file of 16 million fingerprints of previously arrested and 
fingerprinted individuals. The police department then 
gets positive identification of the individual and _ his 
criminal record or “rap sheet.” The process is conducted 
through the mail and takes about 2 weeks. 

The rap sheet contains a record of all arrests that lead 
to the submission of fingerprints to the FBI. It is also 
supposed to contain the court disposition following each 
arrest, but this information fails to appear in 35 percent 
of the cases. A police department has no strong incen- 
tive for reporting dispositions after positive iden- 
tification has been established. Some system of incentives 
should be developed to assure that the court dispositions 
are recorded. In addition, an individual should be able 
to learn the contents of his record and have access to a 
procedure to expunge clearly mistaken arrests, as in cases 
of mistaken identity or unfounded charge. 

The FBI maintains a record until it learns of an indi- 
vidual’s death, or until his 75th birthday has passed and 
he has not been arrested in the previous 10 years. It 
may be retained even longer because of the difficulty 
of cleaning out the files. Earlier purging—either de- 
stroying the record or putting it in a secure file to which 
only the most serious crimes would warrant access—would 
not only increase efficiency but would reduce the stigma 
of a stale arrest.109 

A witness at congressional hearings claimed that “the 
Christian notion of the possibility of redemption is incom- 
prehensible to the computer.” Computer-stored informa- 
tion Is easily cleaned out. By a policy of early purging of 
the files, computers permit restoring the notion of redemp- 
tion to the existing manual files, 


The primary entry into the directory would continue 


release from the criminal justice system. Thu 
f ‘ 8, only 1 percent of the peopl 
are rearrested after having gone for 5 years without an ésreats sel 


to be by means of fingerprints, using the present manual 
techniques until future automated techniques are de- 
veloped. _ The fingerprint file would produce the indi- 
ee identification number or social security num- 
ber ™* for entry to the directory. In order to permit 
identification and access to the secure directory in excep- 
tional circumstances, the fingerprint file should not be 
destroyed when the directory record is purged. In the 
future, it may be possible to add latent fingerprints and 
repeating offender “profile” entries capable of being 
searched by name, personal appearance, or modus 
operandi. 

A majority of States today maintain State identification 
bureaus similar to the FBI service. These States would 
presumably continue to maintain their bureaus until there 
was a more rapidly responding national directory. A 
number would choose to continue this service in a form 
modeled after the proposed national directory, particu- 
larly in order to maintain criminal records below the 
threshold of seriousness of the national directory. 

_ To support decisions by courts and correctional agen- 
cies, as well as to evaluate the effectiveness of correctional 
programs, some States may choose to establish a more 
complete registry containing supplementary information 
such as probation reports, probation-institutional-parole 
history, as well as references to medical or psychiatric 
opinions, schooling, or employment records. This infor- 
mation would aid in preparing probation reports and in 
selecting correctional treatment. However, because of 
the dangers of such a file developing into a large central 
dossier system, there should be no national registry. If 
it is to be maintained at all, it should be on a State level 
and accessible only to court or corrections officers. 

As with directories, the criteria for the entry of new 
records, the purging of the file, and the retirement of rec- 
ords from the file, are critically important questions to be 
addressed in the development of State registries to protect 
the individuals listed therein. 


FINGERPRINT ENTRY TO PERSONAL INFORMATION 


Since the primary entry to personal information files 
will be with a set of fingerprints, the speed of response will 
be limited by the time to transmit a set of fingerprints. 
The present manual system takes about 2 weeks to respond 
to the transmittal of a set of fingerprints, including time 
in the mail. The information is often needed within a 
few hours. Only then can it be positively determined 
in time whether the man is wanted in another jurisdic- 
tion, and his previous history made available to the re- 
questing police agencies. 

The turnaround time of urgently needed requests can 
be reduced to several hours or less by facsimile transmis- 
sion of the fingerprint card to the central fingerprint file. 
NYSIIS has tested such transmission and found resolu- 
tion and clarity adequate for full classification 85-90 per- 
cent of the time.” Since the transmission time is now 
about 10 minutes, “2 sending all 10,000 criminal prints 
the FBI receives each day by facsimile would require 
about 70 terminals operating full time. Since only a por- 


110 The military services are changing to the use of social security numbers as 


identity numbers. ; , : 

ame “System Development Plan,’’ New York State Identification and Intelligence 
System; Albany, N.Y.; 1966; p. 104. 7 ; 

112 Shorter transmission time can be obtained at the expense of resolution on 
the copy. os P : ; . 

113 ae an initial step toward the definition, analysis, and specification of infor- 
mation systems to serve these functions, detailed information flow charts were 
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tion of the submitted prints require rapid response, a 
smaller number would probably be satisfactory. There 
should, therefore, be some such link between the national 
fingerprint file and at least one terminal in each State and 
major metropolitan area. Similarly, State files should be 
connected to each major police jurisdiction within the 
State. New York State is installing such a statewide net- 
work. Even a large city could connect its precincts to 
the central identification file, as has been done in Chicago. 
After identification has been made with the fingerprint, 
the directory record can be sent to the requesting juris- 
diction, via the inquiry system communication network. 


MANAGEMENT INFORMATION 


The basic criminal justice operations occur at the local 
level, and computers can help managers in their day-to- 
day decisions. Since these functions vary so widely, it is 
difficult to describe in complete detail specific sys- 
tems that would be applicable to more than a few locali- 
ties. However, it is in just this area that major direction, 
advice, and support should be provided to agencies desir- 
ing to implement information systems.” 

A survey was made of about 40 agencies which now 
have operating information systems in order to identify 
the uses, costs, and other system characteristics.** Based 
on this survey, the range of costs of offline (noninterrogat- 
able) police information systems was found to be $1,400 
to $4,300 per month for punched card systems and $1,880 
to $13,000 per month for computer systems. For online 
(interrogatable) computer systems, the costs were found 
to range from $10,000 to $30,000 per month. 

A separate study was undertaken on the potential for 
modernizing court information systems.’*° For sched- 
uling, case monitoring, and management statistics, the 
estimated total monthly costs, including personnel, for 
each of the 100 counties with populations of 300,000 to 
1,500,000 would vary from $6,250 to $16,700. For each 
of the 10 counties with populations in excess of 1,500,000, 
the minimum cost is $18,750 per month. For smaller 
counties (100,000 to 300,000 population), punched card 
systems are appropriate with costs between $1,670 and 
$4,170 per month. For counties with less than 100,000 
population, improved manual procedures should suffice. 

Some of the uses which police departments and courts 
make of computer-based files are indicated below: 


Police Management Information Systems 


Management statistics 
Personnel 
Patrol beat workload 
Patrol performance f 
Crime occurrence by beat, precinct, etc. 
Demands for service and responses 
Crimes cleared and arrests 
Inventory and maintenance 
Personnel files 
Budget 


Crime pattern analysis 
Correlation of crimes by type, time, location 
Prediction, short and long range 
Resource allocation 
Patrol patterns 
Beat allocation 


developed in a computer-readable form. These are in ‘‘Criminal Justice Informa- 
tion System Flow Charts,’’ now in preparation. The report will be available from 
the Clearinghouse for Federal Scientific and Technical Information of National 
Bureau of Standards. 

114 The results of this survey are reported in appendix F. 

1145 This study is contained as an appendix to the Administration of Justice Task 
Force report. 
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Police Management Information Systems—Con. 


Jail population and scheduling 


Population 
Time in custody 
Disposition or release 


Arrestee scheduling and control 


Booking 

Release or jail 

Length of time in custody 
Bond 


Emergency action support files 


Gas, electric, water distribution 
Hospitals and ambulances 
Police emergency squads 


Emergency situation command and control 


Contingency plans : 
Coordination with other emergency services and police jurisdictions 
Emergency action support file 


Court Management Information Systems 


Scheduling 


Assignment of judges and courtrooms 

Scheduling of preliminary hearing, pretrial conferences, and trials 
Monitoring of attorney workloads and schedules 

Status of defendants (in jail, on bail, at large, serving another sentence) 


Case monitoring and history (maintenance of docket) 


Status and changes in charges 

Pleadings 

Dates of hearings or trials 

Case dispositions 

Status of defendants 

Defense attorneys 

Location of files of relevant documents 
Assignment of counsel (court appointed counsel) 
Notification of counsel of hearings or trial 
Notification of jurors 

Warrant preparation and control 

General document preparation 


Management statistics 


Court workload (number and length of cases, unscheduled idle courtroom time), 
Judge workload (number and length of cases, unscheduled idle time) 

Delays (time from when counsel ready for hearing or trial) 

Case dispositions 

Probation officer workload 


ORDER OF IMPLEMENTING INFORMATION 
HANDLING FUNCTIONS 


COMMUNICATIONS BASE 


One major information problem in the criminal justice 
system is the dispersion of information with no ready 
means of communicating even its existence to agencies re- 
quiring the information. Thus, the first step in establish- 
ing a remote-access information system to service criminal 
justice agencies is the development of the basic communi- 
cation networks which tie together the various users and 
repositories of information. The communications may 
take the form of voice radio, digital data links, written 
reports, and the mail. 

Central to this communication foundation is the need 
for common definitions and coding and format standards. 
This requirement is frequently overlooked, leading to 
fragmented systems incapable of communicating with 
each other. 

Once this foundation has been laid, it is then possible to 
incorporate specific functions as they are needed. This 
almost always requires a single agency responsible only 
for the gathering and distribution of information and for 
the establishment of the communications network and 
the information standards. Such an approach was taken 

by New York State in establishing its Identification and 


Intelligence System. This organization, which was estab- 
lished by special State legislation, has over the last 4 years 
studied the needs and feasibility of a statewide informa- 
tion system and developed plans leading to the eventual 
procurement of the operating system. Approximately 
$6 million will have been invested in this system through 
implementation of the first major computer functions, 
indicating the magnitude of the cost of initiating a major 
information system."*® 


ORDER OF IMPLEMENTATION 


In arriving at a suggested order of implementing a 
specific information handling function, three criteria are 
appropriate: 


QO Its expected usefulness. 
O The extent to which other functions depend on it. 


O The relative ease of implementing it. 


Implementation of police inquiry systems should ordi- 
narily begin with files that are relatively easily entered 
with simple identifiers, such as wanted persons, autos, 
guns, and property with serial or registration numbers. 
Next would be large registries such as those of firearms, 
autos, and names of criminals and associates. Later stages 
would include more complex files such as modus operandi, 
fraudulent documents, and crime reports. 

With respect to a personal information file, three im- 
portant considerations dictating when to automate are: 


_] The choice of an efficient and economical 
means of storing the large amount of informa- 
tion (about 10 billion alphanumeric characters 
in the national directory) . 


QO The cost of data conversion (a minimum esti- 
mate of $10—-20 million for the national direc- 
tory). 


‘J The protection of the file from unauthorized 
access. 


Technically, there are few difficulties, since the problem 
is simply one of conventional file retrieval with access 
based on positive identification (such as a directory num- 
ber derived from a fingerprint search). Since a directory 
contains the least sensitive information, it requires the 
least protection and could be implemented first. For a 
registry, however, the decision of what information should 
be stored requires much more consideration, and the file 
must be better protected. 

The first stage in implementing the fingerprint entry 


to the personal information system is the installation of 
a facsimile transmission network. Once a semiautomatic 
fingerprint recognition system is developed, probably 
within about 5 years, then these transmitted fingerprints 
would provide the inputs to that system. 


The selection of management functions for implemen- 


6 For a description, see ‘“‘A New Concept in Criminal Justice Information- 
Sharing: New York State Identification and Intelligence System,’’ Alfred E. Smith 
State Office Building, Albany, N.Y. 12225. 


tation depends on local needs. However, the survey (ap- 
pendix F) of criminal justice agencies using data process- 
ing equipment revealed that most have implemented sim- 
ilar functions. For police, these include personnel man- 
agement and evaluation, crime and arrest statistics, patrol 
beat workload data, crime pattern analysis, and resource 
allocation. For courts, case scheduling, case monitor- 
ing, and general workload statistics predominate. In 
corrections, the emphasis is on personnel records and 
keeping track of offenders. 

In the future, the information system will be used for 
more sophisticated processing. For example, as analysis 
and experimentation develop improved techniques for 
allocating patrol officers to precincts, developing court 
schedules, and predicting the consequences of correc- 
tional treatments, these can be incorporated as programs 
in the information system. Ultimately, it might be pos- 
sible for the computer to analyze the characteristics of a 
particular crime to suggest possible suspects. 


THE VALUE OF INFORMATION 


Justification for including functions in an information 
system are usually based either on the costs saved by re- 
placing clerical labor, by the time saved in receiving the 
desired information, or by the increased quantity or qual- 
ity of information provided. In the latter cases, it is 
very difficult to estimate the dollar “value” of more com- 
plete or faster information. For example, it is rarely 
possible to determine how much better a decision based 
on the improved information is than one made without 
it. 

The problem is no easier when trying to estimate the 
value in terms such as reduced crime rate, increased 
clearance rate, or increased stolen property recovery rate. 
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For example, many actions may influence the rate of 
auto theft and recovery: “lock your car” publicity pro- 
grams, theft-proof features of new automobiles, and the 
ratio of joyriding to organized car theft. Over a 2-4 
year period, one jurisdiction may experience variations 
of 40-50 percent in the unrecovered fraction of stolen 
autos. Over the 15 jurisdictions presently tied into 
NCIC, there is probably an overall variation in the order 
of at least 10 percent. This statistical fluctuation may 
well swamp any reduction in the unrecovered fraction 
which would be brought about by use of an informa- 
tion system. The problem is still more complicated when 
trying to assess the effects of correctional programs on 
offenders. 

Despite these difficulties, it is important to assess as 
well as possible the contributions of new information func- 
tions. This will aid in their evaluation and will provide 
guidance to other agencies considering similar programs. 
Such an assessment requires baseline data on perform- 
ance before the implementation of the new function, 
models accounting for other factors affecting perform- 
ance, and estimates of the performance after implemen- 
tation. 

For example, although many officials feel that a stolen- 
auto inquiry file is justified, the limited operational expe- 
rience with present systems is insufficient to confirm this 
view. Nevertheless, despite the sizeable effort being de- 
voted to implementing such files at the city, county, State, 
and national levels, there appear to be no current efforts 
directed at a careful estimation of their value. In one or 
more such installations, the numbers, times, and locations 
of theft and recoveries should be studied both before and 
after an inquiry system is installed. The means of recov- 
ery must be differentiated to identify the contribution of 
the inquiry system. 


Chapter 7 


Scientific Research and Development 


Program 


The material in the preceding chapters is only a sam- 
pling of what may be the potential contributions of science 
and technology to control of crime and to the operation 
of the criminal justice system. While many subjects have 
been mentioned, only a few could be treated in depth, and 
even those are still only preliminary. Certain studies with 
raw data, such as those of court delay in Washington and 
criminal apprehensions in Los Angeles, must be repeated 
elsewhere to assess the degree to which their conclusions 
are generally applicable. Other studies, such as the cost- 
effectiveness optimization of response time reduction and 
the total system evaluation of alternative treatment pro- 
grams, had to be conducted with hypothetical data, and 
real data must obviously be used. Many technological 
possibilities have been mentioned, but their potential con- 
tributions need further consideration, and their selection 
for specific applications requires prototype development, 
testing, and evaluation. 

Many areas other than those discussed in this report are 
proper subjects for scientific research and technological 
development, and some may well have potential for equal 
or greater contributions to better understanding of the 
nature of crime and its control and to improving the effec- 
tiveness of the criminal justice system. In particular, the 
social and behavioral sciences, which were outside the 
scope of this Task Force, have major contributions to 
make in clarifying the relationships between crime and 
education, employment, residence, and other environ- 
mental variables, and in developing programs for divert- 
ing individuals from criminal activity and for rehabilitat- 
ing them if prevention fails. The biological sciences may 
also offer important treatment opportunities. All the 
natural sciences might contribute to improving criminal- 
istics techniques in various ways, and these possibilities 
have only been touched on here. All of these subjects 
should be considered as part of a major research and 
development program into the problems of crime and its 
control. 

Federal initiative and support will be needed in estab- 
lishing and pursuing such a research and development 
program. Whether it be basic research, equipment de- 
velopment, field experimentation, data collection, or ana- 
lytical studies, the limited budgets of individual State and 
local criminal justice agencies cannot alone provide the 
necessary investment. The personnel and agencies cap- 
able of undertaking the necessary work are in short supply, 


and so unnecessary duplication should be avoided. Fur- 
thermore, any useful results will be of nationwide benefit. 
These conditions all make Federal involvement both ap- 
propriate and necessary. 

A program to introduce science and technology to 
criminal justice must adopt a number of complementary 
approaches. The Federal Government should sponsor 
research, development, test, and evaluation (R.D.T. & 
E.) projects at the local and State levels, especially sup- 
porting those widely useful projects that no single agency 
could support alone. The Government should help 
criminal justice agencies get the technical support they 
need to incorporate the results of these projects into their 
operations. To infuse science and technology directly 
into day-to-day activities, operations research groups 
should be established in the larger criminal justice 
agencies. The program should include graduate fellow- 
ships to attract and train competent new professionals. 
It should provide means for more effective dissemination 
of results to operating agencies. F inally, to provide a 
base for broad research advances, a major science and 
technology program should be established in a research 
institute of the highest quality. The President’s Science 
Advisory Committee has reviewed and supports these 
recommendations. 

Within a period of 3-5 years, the total Federal research 
and development program in criminal justice might 
profitably reach a level of about $60 million. Such a 
level is in fact perhaps an underestimate of the need and 
potential, and would be limited primarily by the avail- 
ability of competent personnel. In funding this program, 
the Government should support development by industry, 
research by scientists, tests and evaluation by criminal 
justice agencies in conjunction with scientific consultants, 
and innovation in the operation of criminal justice agen- 
cies through demonstration projects. The operational 
portion of the costs of demonstration projects should be 
borne by the agency directly. The Federal funding 
should include the incremental cost associated with the 
Innovative features—costs for development, high risk, 
and extra planning. In addition, all demonstration 
projects should be accompanied by careful and independ- 
ent evaluation which assesses the utility of the project to 
provide guidance for further development of that project 
and for other agencies considering similar ones. 
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RESEARCH, DEVELOPMENT. TEST. AND 
EVALUATION PROGRAM ~ , 


The Federal Government should sponsor a science and 
technology R.D.T. & E. program with three primary 
components: systems analysis, field experimentation, and 
equipment-system development. 

The systems analysis studies should include develop- 
ment of mathematical models of the criminal justice 
system and appropriate component parts, and collection 
of the data needed to apply these models to improving 


operations. The projects to be undertaken should 
include: 


QO) Model of a State criminal justice system. 
U] Apprehension studies in a police department. 


C) Computer simulation of court processing of cases. 


These studies would be extensions of the initial efforts 
undertaken by the Science and Technology Task Force. 
As the program develops, new problem areas in which 
systems analysis can be usefully applied will appear, and 
some of them may well turn out to be more productive 
than the ones already identified. 

Field experimentation should be conducted by oper- 
ating criminal justice agencies in conjunction with indi- 
viduals or groups competent in experimental research. 
Many operating innovations are possible, and these should 
be evaluated in actual use both to test their value and to 
assess their possible side effects. ‘The experimental proj- 
ects to be undertaken should include: 


(1 Controlled experiments examining various police 
patrol concepts, such as statistical techniques for 
allocation of patrol forces, various random patrol 
patterns, saturation patrolling, etc. 


QO Laboratory simulation of various police command 
and control systems and procedures. 


0 Statistical analysis relating recidivism to offender 
characteristics and to correctional treatment 
possibilities. 


These areas, again, are only suggestive. Many more may 
be discovered by the criminal justice agencies themselves 
in their process of self-examination and innovation. 

A number of basic kinds of equipment should be de- 
veloped for general use by criminal justice agencies. 
Some of the promising possibilities include : 


1 Computer-assisted police command and control 
system. 


C) Fingerprint recognition system. 


0 Inexpensive portable radio for foot patrolmen and 
for patrolmen operating away from their car 
radios. 


1 Automatic patrol car locator. 
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The R.D.T. & E. program would have to be developed 
in detail by the office administering it. The program 
would have to be housed in an agency that was sympa- 
thetic to research and development, and could attract 
the high-caliber scientific staff needed to manage the 
program. 

The program would inevitably require technical guid- 
ance of a breadth and quality exceeding that which 
could be expected of any internal technical staff. Ad- 
visory committees comprising scientists and criminal jus- 
tice officials would be needed to review proposals in spe- 
cific subject areas. In many cases, another government 
office will be the best choice to manage a specific project; 
the Army Materiel Command might direct the develop- 
ment of a portable radio, for example. Nonprofit or 
profitmaking contractors, as used by the Department of 
Defense, might furnish broad technical guidance. 

The research grant part of the program should rely 
heavily on proposals submitted by scientific investigators, 
primarily at universities, but also at nonprofit corpora- 
tions, in industry, government, and criminal justice agen- 
cies. The in-house staff should stimulate important pro- 
posals by competent researchers. Proposals should be 
selected for support by a series process of screening by the 
in-house staff, review by advisory groups combining crimi- 
nal justice officials with competent researchers, and final 
determination by the in-house staff. 

The development part of the program will have to 
focus its efforts more carefully. Equipment development 
can be very expensive, and for the next few years only a 
few major projects will be possible. The projects selected 
should not depend on the chance that appropriate pro- 
posals will be submitted. Rather, requirement studies 
and cost-effectiveness analyses should be undertaken, and 
those developments that appear to contribute most to 
controlling crime and to improving the operations of 
criminal justice agencies should be funded. 

The results of the R.D.T. & E. program should be dis- 
seminated both throughout the interested research com- 
munity and to all persons in the various criminal justice 
agencies who might benefit from the work. Journals di- 
rected at each of these audiences should be supported or 
new ones established if existing ones are found inadequate. 


TECHNICAL SUPPORT AND ESTABLISHMENT 
OF EQUIPMENT STANDARDS 


As the Federal Government plays a more important 
role in aiding criminal justice agencies to share in the 
products of modern technology, it will become necessary 
to help them use it effectively. To this end, there will 
be a need for centralized establishment of technical stand- 
ards (for radios, computer codes, etc.) and for provision 
of technical assistance and guidance. 

A Federal agency should be assigned to coordinate the 
establishment of standards for equipment to be used by 
criminal justice agencies, and to provide those agencies 
with technical assistance. This organization should be an 
adjunct to an existing Federal agency already technically 
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strong and familiar with standardization problems. The 
National Bureau of Standards is one such agency. It 
could organize committees of users and manufacturers 
to agree on equipment and communications standards. 
It would be a center with growing competence in criminal 
justice equipment problems, and would be staffed by sci- 
ientists and engineers in the most relevant technologies— 
electronics, computer sciences, operations research, chem- 
istry, etc. The organization would help criminal justice 
agencies draw on local technical resources such as con- 
sultants, professional societies, and manufacturers, and 
would help the agencies to assess the products received. 
The assistance it offers would be a cross between that of 
the architect to the inexperienced home buyer and the 
agricultural county agent to the private farmer. 


OPERATIONS RESEARCH GROUPS WITHIN 
CRIMINAL JUSTICE AGENCIES 


As an important mechanism for innovation, the large 
criminal justice agencies, and especially large police de- 
partments, should establish small operations research 
groups with professionally trained scientists, mathema- 
ticians, and engineers, including at least one person com- 
petent in statistics. The group would analyze the op- 
erations, design and evaluate experiments, and provide 
general technical assistance. Such groups have proved 
extremely valuable to industry, government, and the 
military. Certainly each of the 21 police departments,” 
four sheriffs’ forces,1"* and 11 State police forces ™ with 
more than 1,000 employees could benefit significantly 
from such a group. The Federal Government should 
encourage and support the establishment of such opera- 
tions research staffs in large criminal justice agencies. 


SCIENCE AND TECHNOLOGY PROGRAM IN A 
RESEARCH INSTITUTE 


Probably the most important single mechanism for 
bringing the resources of science and technology to bear 
on the problems of crime would be the establishment of 
a major prestigious science and technology research pro- 
gram within a research institute. The program would 
create interdisciplinary teams of mathematicians, com- 
puter scientists, electronics engineers, physicists, biologists, 
and other natural scientists, and would require psychol- 
ogists, sociologists, economists, and lawyers on these teams. 
The institute and the program must be significant enough 
to attract the best scientists available, and to this end, 
the director of this institute must himself have a back- 


ground in science and technology or have the respect a 
scientists. Because it would be difficult to attract sa 
a staff into the Federal Government, the institute shoul 
be established by a university, a group of Speeae be 
an independent nonprofit organization, and shou #5 
within a major metropolitan area. The institute wou 
have to establish close ties with neighboring criminal 
justice agencies that would receive the benefit of serving 
as experimental laboratories for such an institute. In 
fact, the proposal for the institute might be jointly sub- 
mitted with the criminal justice agencies. The research 
program might require, in order to bring together the 
necessary “critical mass” of competent staff, an annual 
budget which might reach $5 million, funded with at 
least a 3-year lead time to assure continuity. Such a ma- 
jor scientific and technological research institute should 
be created and supported by the Federal Government. 

The research institute would have to develop its own 
program in detail, probably with the guidance of an ad- 
visory committee comprising senior criminal justice off- 
cials and outstanding research scientists. Its program 
might include such subjects as: basic studies on crime 
(e.g., its measurement, factors related to it, and basic 
causes) ; operation of the total criminal justice system 
(including development of system models and collection 
of the needed data on costs, flow rates, recidivism, and 
operating policies) ; management of the criminal justice 
system (including allocation of resources, scheduling of 
activities, and selection, training, and evaluation of per- 
sonnel) ; information systems (including evaluation of the 
value of different types of information and development 
of information needed to aid investigative, sentencing and 
correctional decisions) ; means for preventing and deter- 
ring crime (ranging from vocational training to intensive 
police patrol) ; police apprehension (including cost-effec- 
tiveness studies, simulation projects, and preliminary de- 
sign of new equipment) ; criminalistics (including devel- 
opment and evaluation of new techniques) ; and offender 
rehabilitation (including development and evaluation of 
new techniques). 

Research into any of these subject areas would normally 
require participation by several academic disciplines and 
most of the subjects would affect institutions throughout 
the criminal justice system rather than being limited to 
the traditional division into police, courts, and corrections. 
Only a major, significant institute, devoted to research on 
basic problems of crime and its control, could assemble 
the multi-disciplinary teams with the competence needed 
to attack these problems on the scale they demand. If 
the proper research environment were created, the prob- 
lems of crime could draw on the nation’s best scientific 
resources. 


"7 New York, Chicago, Philadelphia, Los Angeles, Detroit, Baltimore, Wash- 
ington, Boston, St. Louis, Cleveland, Milwaukee, San Francisco, Newark, Houston, 
Buffalo, Dallas, New Orleans, Kansas City, Seattle, Indianapolis, and Pittsburgh. 


(1965 ‘‘Uniform Crime Reports”’.) 


a ae preeles, Nassau, Suffolk, and Dade Counties. 
: alifornia, Florida, Ohio, and Texas Highway Patrols: Illinoi 
Michigan, Missouri, New Jersey, New York, and Pennsylvania MTL ee 
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PROGRAM BUDGETING FOR CRIMINAL JUSTICE SYSTEMS 


by Peter L. Szanton 


Budgets traditionally have been broken down by or- 
ganizations—offices or bureaus—and by categories like 
salaries and expenses,” “‘office building equipment,” and 
so forth. Such formats display who is spending the money, 
and on what, but they say nothing about what for. For 
many purposes, such budgets are adequate. For the 
analysis or management of systems, however, they are 
not. 

An analyst wants to relate resources to purposes or 
objectives; a systems manager needs to assure an ade- 
quate flow of resources to accomplish given purposes. In 
response to those needs, new kinds of budget formats have 
been developed which assign resources to categories re- 
flecting objectives or purposes rather than to the familiar 
administrative or accounting classifications. The cate- 
gories of these so-called program budgets aggregate the 
expenditures of an organization—for equipment, salaries, 
buildings, or whatever—according to the major purpose 
toward which these expenditures are directed. An analyst 
or planner concerned with crime at the municipal level, 
for example, will want to know what proportion of police 
resources is allocated to dealing with crime, and what pro- 
portion is required for other purposes. Table A-—1 sug- 
gests a format for identifying these allocations; it outlines 
the major purposes or “programs” of a city police depart- 
ment. The insertion of the appropriate cost figures for a 
given year next to each entry would reveal how the de- 
partment’s resources were being used.* 

The insertion of figures reflecting the resources to be 
allocated to these purposes in future years would convert 
table A-i into a program budget. All relevant invest- 
ment and operating costs must be included; thus, in the 
subcategory “General Purpose Patrol” there should be 
included the appropriate fraction of the patrolmen’s 
salaries, the contribution to their pensions, amortization 
of their patrol car, etc. To be most useful for planning pur- 
poses, such a budget should show the resources required 
for a number of future years—perhaps for a 5-year plan- 
ing period. ; 

An analyst or planner will often want not only to isolate 
the resources devoted to a given purpose in one organiza- 
tion, but also to identify the resources devoted to the same 
or related purposes in a variety of other organizations. ‘To 
identify the governmental resources devoted to crime 
control in a city or State, one would need to examine the 
budgets of police forces, courts, jails, youth boards, and 
probation authorities.2 The most useful format for this 
purpose would be one that combines the efforts of these 


various agencies according to the major programs which 
make up a system of criminal justice. 

Table A-2 shows such a format, organized around Sup- 
pression/Apprehension, Adjudication, Correction, and 
Direction as the major purposes or programs related to 
crime. In the allocation of costs to these programs, the 
function being performed rather than the organizational 
affiliation dictates where the costs are charged. For 
instance, in table A—2, policemen’s time in court would 
be charged against Adjudication, and probation investi- 
gations would be charged against Correction. 

The best organization of such a budget is by no means 
clear. It will depend on the problems which appear most 
important. Thus, the tables distinguish between crimes 
which involve high risk of personal injury and those which 
do not. This breakdown will be useful for some pur- 
poses, but the analyst or manager may have other interests 
for which other breakdowns (e.g., felony vs. misde- 
meanor, crimes against persons vs. crimes against prop- 
erty, crimes by precinct or county, crimes by age of 
criminal) may be preferable. Similarly, the breakdown 
shown under Corrections is designed to distinguish the re- 
sources absorbed only in maintaining the custody of a 
prisoner from those devoted to efforts to reeducate, re- 
train, or counsel him. For purposes of defining the costs 
of various kinds of crime, however, a breakdown of cor- 
rection by category of offense would be necessary. There 
may be other reasons for identifying the relative costs of 
correction by length of sentence, offender age, number of 
prior convictions, or other factors. 

Table A-3 attempts something different. If a major 
Federal effort is to be made to improve the effectiveness 
of our systems of criminal justice, it will be important to be 
able to relate Federal efforts to similar State and local 
work. Federal programs should be designed not to dupli- 
cate local work, but to stimulate, supplement, and sup- 
port it. Table A-3 is designed to identify the purpose 
and scale of Federal efforts in such a way as to make clear 
their relation to State and local activities. Like Table 
A-2, it is organized into the three major programs of 
Suppression/Apprehension, Adjudication, and Correc- 
tion, plus a General Administrative category. Section A 
in each of these categories focuses on efforts to enforce 
Federal law rather than on Federal efforts designed pri- 
marily to aid the States. Even here, however, some Fed- 
eral effort is in fact in aid of the States. The major pur- 
pose of many Federal criminal statutes, such as the Dyer 
Act, is to bring Federal resources to bear on offenders 


1 course, existing bookkeeping systems do not present cost data in 
Site ce designed to support the common categorization by ig aa 
and accounting classification. Even relatively brief examination of current gs 8, 
however, by persons familiar with the organization, can often Pane rough cost 
breakdowns in program terms. Rough breakdowns (accurate, say, to plus or mak a 
10 percent) can be quite helpful. Actuarial standards of accuracy are not require 
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for many planning purposes, where larger uncertainties than these are generally 
present. 

2 The analysis might be expanded further. If the objective is reduction of crime 
over the longer term, it might be useful to identify expenditures in housing, health, 
education, and welfare agencies which are oriented toward the alleviation of condi- 
tions likely to cause crime, the identification of potential offenders, or similar 
purposes. 
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whose crime is essentially local, but who put themselves 
beyond the reach of local officials. 

Section B in each of the categories outlines the various 
services the Federal Government might perform more di- 
rectly in support of State or local police, court, and cor- 
rections systems. Not all such services need be performed 
expressly for the States; a Federal research program on 
police communications equipment, or a parole experiment 
conducted in the District of Columbia, for example, might 
be of principal benefit to States or localities even though 
they were also intended to serve Federal purposes. 

Section C in each program category outlines the uses 
to which direct Federal grants to States and localities 
might be put.Obviously, grants may not become available 
for all of these purposes; indeed, they may not all be de- 
sirable. The categories used—as is true for all the 


tables—are designed only to be suggestive. They should 
be developed on the basis of local and Federal manage- 
ment needs. aul 

It should be clear, furthermore, that categorizations 
such as these are of only limited value taken by them- 
selves; they can simply identify in different ways the re- 
sources currently being applied to the various major ob- 
jectives of criminal justice. Their greater usefulness 
arises when the responsible officials subject these efforts to 
review and analysis. ‘The breakdown of costs into these 
categories then provides both a conceptual framework 
and a factual base for the analysis of how resources ought 
to be allocated—for considering the relative importance 
of the various objectives being served, the appropriateness 
of the current pattern of expenditures, and the benefits 
that might be expected from shifts in emphasis. 


TABLE A-1,—A Program Budget for a City Police Force 


I. CONTROL AND REDUCTION OF CRIME PROGRAM 
A. Prevention/Suppression 
1. General Purpose Patrol 
2. Special Purpose Patrol (by type of offense) 
3. Intelligence 
4. Community Relations 
B. Investigation/Apprehension 
1. Crimes Involving Major Risk of Personal Injury 
. Murder 


. Armed Robbery 
Burglary—Homes 
Arson 
Etc. 

rimes Not Involving Major Risk of Personal Injury 

. Theft 

. Unarmed Robbery 

. Auto Theft 

. Burglary—Commercial 

Fraud 

Forgery 

Etc. 


s 
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a. Narcotics 
b. Prostitution 
c. Gambling 
d. Etc. 
C. Prosecution 
1. Interrogation 
2. Preparation for Trial 
3. Trial 
D. Recovery of Property 
1. Autos 
2. Other Personal Property 
3. Commercial Property 
E. General Support 
1. Communications 
2. Records and Data Processing 
3. Technical Services 
a. Fingerprint 
b. Ballistics 
c. Polygraph 
d. Laboratory Analysis 


Il. MOVEMENT AND CONTROL OF TRAFFIC PRO- 
GRAM 
A. Traffic Movement 
. Direction of Traffic 
. Enforcement of Traffic-oriented Parking Rules 
. Emergency Road Services 
. Weather Emergency Procedures 
. Identification and Reporting of Congestion Points 
B. Traffic Safety 
1. Enforcement of Regulations 
a. Patrol/Apprehension of Moving Violations 
b. Enforcement of Safety-oriented Parking Rules 
2. Driver Training 
3. Educational Programs 
4. Vehicle Inspections 
C. Accident Investigation 


III. MAINTENANCE OF PUBLIC ORDER PROGRAM 
A. Public Events 
1. Sporting Events 
2. Public Ceremonies 
a. Parades and Receptions 
b. Public Meetings 
c. Cornerstones, etc 
B. Minor Disturbances 
. Private Quarrels 
Parties 
. Drunkenness 
. Derelicts 
. Miscellaneous Nuisances 
C. Civil Disorder 
1. Prevention 
2. Suppression 


IV. PROVISION OF PUBLIC SERVICES PROGRAM 
A. Emergency Services 

Fire 

- Medical 

- Power Failure 

. Flood 

. Civil Defense 

. Miscellaneous 


. Missing Persons 
. Lost Property 
. Miscellaneous 
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TABLE A-1.—A Program Budget for a City Police Force—Continued 


Vv. ADMINISTRATION AND SUPPORT PROGRAM V. ADMINISTRATION AND SUPPORT PROGRAM— 
A. Direction and Control Continued 
1. Direction B. Training and Personnel—Continued 
2. Planning and Development 3. Testing, Evaluation, Promotion 


3. Internal Inspection and Review 
B. Training and Personnel 
1. Recruitment 


C. Public Relations 
D. Supporting Services 


9. Peainin 1. Records (noncrime) and Data Processing 
a. Baxi . 2. Communications 
; 3. Budget 
b. Advanced 4. Property 
TABLE A-2.-—Programs in the Reduction and Control of Crime 
Me SUPPRESSION/APPREHENSION. PROGRAM II. ADJUDICATION PROGRAM 
A. Suppression A. Prearraignment (by type of crime as in I.B.) 
1. General Purpose Patrol ‘ B. Arraignment/Indictment (by type of crime) 
2. Special Purpose Patrol (by type of crime) C. Preparation for Trial (by type of crime) 
B. Investigation/Apprehension D. Trial-Court Proceedings 
1. Crime Involving Major Risk of Personal Injury 1. Achievement of Verdict or Disposition (by type of 
a. Murder crime) 
b. feat 2. Determination of Sentence (by type of crime) 
c. Rape ; 
dy Beocedniner, E. Appellate Proceedings ; 
e. Burglary—Homes 1. Intermediate Appeal (by type of crime) 
fl Arson 2. Ultimate Appeal (by type of crime) 
g. Ete. deal III. CORRECTION PROGRAM 
2. Crimes Not Involving Major Risk of Personal Injury ee inentononali@orrestion 
a. Theft 
b. Unarmed Robbery - pine 
c. Auto Theft Pig 9 
d. Burglary—Commercial a. Education 
e. Fraud (1) Academic 
f. Forgery (2) Vocational 
g- Ete. b. Counselling and Psychiatric 
3. Vice c. Medical and Dental 
a. Narcotics B. Noninstitutional 
b. Prostitution 1. Probation 
c. Gambling 9 Parale 
foe 3. Work-Release 
C. General Support A Bite. 


1. Communications 


2. Records and Data Processing C. Direction and General 


3. Technical Services 1. Planning and Review 
a. Fingerprint a. Data Systems 
b. Ballistics b. Analysis 
c. Polygraph 2. Administrative Services 


d. Laboratory Analysis 


Tie -Aidintisteicattve Servical IV. GENERAL ADMINISTRATION PROGRAM 


1. Personnel A. Executive Direction 
a. Recruitment B. Statistics 
b. Training 1. Victim Data 
(1) Basic . Crime Costs 
(2) Advanced . Criminal Justice System Costs 


2 
3 
i Evaluati 4. Crime Rates 
Se 5. Comparative Statistics, Other Jurisdictions 


2. Budget , 
3. Property C. Analysis ' 
E. Planning and Direction 1. Crime Prevention 


2. Allocation of Resources 

3. Criminal Justice System (tradeoffs among components) 
. Programs in Mitigation of Victim Losses 
. Administrative Services 


1. Planning and Review 
a. Data Collection 
b. Analysis 

2. Direction 


ao 
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TABLE A-3.—Federal Programs in the Reduction and Control of Crime 


I. SUPPRESSION/APPREHENSION PROGRAM 
A. Enforcement of Federal Law 
1. Crimes—Federal in Nature 


a. On Federal Property 

b. Affecting Interstate Commerce 

c. Affecting Banking System 

d. Beeinst the United States or Its Officers 
€. Etc, 


2. Crimes—Local in Nature Made Federal Offenses in 
Aid of State Jurisdiction 


a. Crimes Involving Major Risk of Personal Injury 


(1) Murder 
(2) Assault 
(3) Rape 
(4) Armed Robbery 
(5) Burglary—Homes 
(6) Arson 
(7) Etc. 
b. Crimes Not Involving Major Risk of Personal 
Injury 
(1) Theft 
(2) Unarmed Robbery 
(3) Auto Theft 
(4) Burglary—Commercial 
Fraud 
(6) Forgery 
(7). Ete; 
B. Federal Services to State and Local Police Systems 
1. Preventive Actions 


a. Involving Persons: Border Control 
b. Involving Articles: Restrictions on Entry or Ship- 
ment of 
(1) Explosives 
(2) Firearms 
(3) Narcotics 
(4) Etc. 
2. Training of State and Local Officers 
a. Participation in Local Programs 
b. Training in Federal Institutions 
3. Laboratories 


a. Ballistics 
b. Chemical 
c. Biomedical 
d. Etc. 
4. Information Systems 
a. Stolen Property 
b. Wanted Persons 
c. Criminal Records 
d. Fingerprints 
e. Management 
. Federally Conducted Research and Analysis 
. Deterrence Methods 
. Surveillance Systems 
- Alarm and Detection Systems 
. Communications 
Apprehension Methods 
Command and Control 
. Preparation of Evidence 
. Equipment Development 
Standard Specifications Development 
. Technical Support 


- Federal Experiments and Demonstrations 


a. District of Columbia 
b. Other Localities 


C. Federal Grants to States and Localities 
1. Special Purpose Grants 


a. Education and Training 
b. Local Laboratories (see B.3) 
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I. SUPPRESSION/APPREHENSION PROGRAM—Con. 
C. Federal Grants to States and Localities—Continued 
1. Special Purpose Grants—Continued 
c. Local Information Systems (see B.4.a—b) 
d. Research and Analysis (see B.5) 
e. Experiments and Demonstrations (see B.5) 
2. General Subsidies 


a. Capital Expenses 
b. Operating Expenses 


II. ADJUDICATION PROGRAM 
A. Federal Courts 
1. Crimes—Federal in Nature (see I.A.1) 
2. Federal Crimes in Aid of State Jurisdiction 
a. Crimes Involving Major Risk of Personal Injury 
(see I.A.2.a) ; 
b. Crimes Not Involving Major Risk of Personal Injury 
(see I.A.2.b) 
3. Appeals Involving State Crimes 
B. Federal Services to State and Local Court Systems 
1. Information Systems 


a. Individual Criminal Records 
b. Statistics 
(1) Administrative 
(a) Workload 
(b) Elapsed Times 
(c) Case Dispositions 
(2) Substantive 
(a) Sentencing Norms 
(b) Sentencing and Recidivism 
(c) Probation 
(d) Parole 
(e) Ete. 
(3) Costs 
(a) Correction 
(b) Criminal Careers 
2. Federally Conducted Research and Analysis 
a. Administrative 
(1) Case Scheduling 
(2) Jury Utilization 
(3) Reporting 
(4) Record Keeping 
(5) Ete. 
b. Substantive 
(1) Probation Effects 
(2) Effects of Sentences (various length and type) 
3. Results of Federal Experiments and Demonstrations 
C. Federal Grants to States and Localities 
1. Special Purpose Grants 
a. Information Systems 
b. Research 
c. Experiments and Demonstrations 
d. Education and Training 
(1) Administrative 
(2) Substantive 
2. General Subsidies 
a. Capital Expenses 
b. Operating Expenses 


III. CORRECTION PROGRAM 
A. Federal Correction of Prisoners 


Il. vice Convicted of Crimes Federal in Nature (see 


2. Persons Convicted of Crimes in Aid of Stat adic. 
tion (see I.A.2) of State Jurisdic 


Ite 


2. 
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TABLE A-3,—Federal Programs in the Reduction and Control of Crime—Continued 
Ill. CORRECTION PROGRAM—Continued 
B. Federal Services to State and Local Correction Systems 


Custody and Correction of State and Local Prisoners 
in Federal Institutions 


Information Systems 
a. Individual Criminal Records (post-release data on 
former State prisoners) 
b. Statistics 
(1) Parole Norms 
(2) Parole Histories 
(3) Recidivism Rates 
c. Costs, Mean and Comparative 
(1) Correction (by type of method) 
(2) Criminal Careers 


. Federally Conducted Research and Analysis 


a. Recidivism as Function of 
(1) Prisoner Attributes 
(2) Method of Treatment (see 2.b.(3)) 
b. Prisoner Socialization 
c. Prisoner Learning 
d. Security Methods 
e. Etc. 


C. Federal Grants to States and Localities 


I 


Special Purpose Grants 
a. Statistics and Analysis 
b. Local Experiments and Demonstrations 
c. Education and Training 
(1) Administrative 
(2) Substantive 


III. CORRECTION PROGRAM—Continued 
C. Federal Grants to States and Localities—Continued 
2. General Subsidies 


a. Capital 
b. Operating 


IV. GENERAL ADMINISTRATION 
A. Administration of Federal Programs 


Ite 
Pee 


ae 
oD: 


Executive Direction 

Statistics 

a. Victim Data 

b. Crime Costs 

c. Criminal Justice System Costs 

d. Crime Rates 

e. Comparative Statistics, Foreign Countries 


. Analysis 


a. Crime Prevention 

b. Criminal Justice System (role of components, trade- 
offs among components) 

Programs in Mitigation of Victim Losses 

Administrative Services 


B. Federal Services to State and Local Administration 


II. 
2 


Publication and Dissemination of Data (see IV.A.2.) 
Publication and Dissemination of Analysis (see [V.A.3.) 


C. Federal Grants to State and Localities 


ile 
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Special Purpose Grants 


a. Statistics 
b. Analysis 


General Subsidies 
a. Capital 
b. Operating 
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A STUDY OF COMMUNICATIONS, CRIMES, AND ARRESTS IN A 
METROPOLITAN POLICE DEPARTMENT 
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INTRODUCTION 


This appendix summarizes a study conducted in the 
Los Angeles Police Department in August and September 
1966. The study was concerned with factors affecting 
clearance of crimes. It traced the sequence of police 
activities beginning with a call for service by a citizen, the 
field activity of the patrol officer, the reporting of a crime, 
the followup investigation by detectives, and the clear- 
ance of the case by arrest of a suspect, or by other methods. 
Data were collected on time delays within the communica- 
tions and dispatching center and on response time in the 
field. These data were analyzed to evaluate the effects of 
response time on arrest frequency, and to isolate other 
factors influencing the ability to solve or “clear” a crime. 

The sample of 4,704 cases studied included the total 
crime activity in January 1966 in two of the 15 field divi- 
sions in Los Angeles. Most of the cases were responses 
to radio calls. The remainder resulted from field observa- 
tion by the patrol force of a crime or suspicious activity. 
Fifteen Los Angeles Police Department officers collected 
the data from examination of communication message 
tickets, officers’ daily field activity reports, crime reports, 
detective followups, and arrest reports. The data were 
coded on a standard form designed and pretested by the 
researchers, and then keypunched and analyzed. with the 
aid of computer programs written for the purpose. 

The substance of the report is presented in four sections 
below. The first is a general discussion describing the 
approach to the study, its objectives, and. the constraints 
affecting the results. 

The second section is an analysis of the communications 
center activity. By type of call, detailed breakdowns are 
provided of the communications center delays, field re- 
sponse time, and overall response time. 

The third section is a discussion of arrest and other 
methods of clearance of crimes. A breakdown of clear- 
ance methods is given, and investigative practices and 
problems are analyzed. 

The final section summarizes the major conclusions and 
offers some recommendations for further research. 


GENERAL APPROACH 


This research study was initially stimulated in three 
ways. First, there was the general intuitive feeling among 
many police officers and analysts exploring police prob- 
lems that response time in answering a call for service is 
a critical operational factor. Because many aspects of 
technology provide an opportunity to reduce response 
time, it was important in the work of the Task Force to 
determine whether response time was a significant factor 
in apprehending a suspect at the scene of the crime. 

Second, there was the desire to identify how the ability 
to solve a crime was influenced by certain characteristics 
of the event and the subsequent police activities. 

A third stimulus for the study was less explicit: A gen- 
eral scientific curiosity about the nature of crime and 
arrest data. Significant conclusions about the operations 
of a system are often derived merely by collecting some 
specific data about the system operations, and then in- 
specting and analyzing that data for observable patterns. 


TASKS 


In conducting the study, the first task was to select an 
appropriate sample of police activity to study. Through 
the cooperation of the Los Angeles Police Department, 
access was gained to all recorded information available 
for a complete month of crime activity in two field divi- 
sions. The month of January 1966 was chosen in order 
to go back far enough so that arrest and detective follow- 
up reports would reflect clearance percentages that ap- 
proached the total clearance rate. Also, sufficient time 
would have elapsed after the August 1965 riots so that the 
data would reflect a return to normalcy. 

_The two divisions selected were the University Division 
with a low-to-middle income, primarily Negro population, 
and the West Los Angeles Division, with a middle-to-high 
income, primarily Caucasian population. The data used 
for the study began with the communications message 
logs for all calls for service where a possible crime was 
involved. We did not include drunk and vagrancy ar- 


88 


rests, traffic incidents, and certain other calls for service 
such as calls to aid injured persons, which did not appear 
to be crimes at the time the communications center re- 
ceived the call. 

From the communication messages, we went to the 
patrol officers’ daily field activity reports to determine if 
the radio call resulted in a crime being reported. If so, 
we obtained the case number and collected some infor- 
mation about what the officer did at the scene, if such 
information was recorded in his field activity report. We 
also scanned the field activity report for cases that did not 
originate with a radio call, usually field observations by 
the patrol officer, which resulted in a crime being reported 
or an arrest made. It was at this point that we also picked 
up any radio call cases previously neglected which were 
now seen to be connected with a crime. An example of 
such a case might be an injury call which was actually 
connected with an assault. 

Having the case number, we were then able to go to 
the crime report file and retrieve the crime report, any 
followup made by the detectives and, if appropriate, the 
arrest report. 


INFORMATION COLLECTED 


A special coding sheet was designed to assist in the 
data recording process (annex 1). The items of infor- 
mation collected appear in each line. The numbers in 
parentheses next to the code categories would be circled 
by the officer recording the information and those circled 
numbers would be key-punched onto cards. 

The information recorded began with the division of 
occurrence, the day of the month in January that the 
crime occurred, and a sequence number which, together 
with the division and date, comprised a unique serial num- 
ber to identify each case for computer processing. Infor- 
mation was then recorded concerning the type of commu- 
nications message log ticket and the type of call as viewed 
from the communications center (1.e., was this a suspect 
on scene case, a take report call, or a possible crime). 
We then recorded the times stamped on the communica- 
tion ticket. These times included the originating time, 
when the call was first received at the complaint board, 
and the dispatch time when the dispatch order was radi- 
oed to the field unit. The difference between these two 
times represents the communications center delay. Occa- 
sionally there would be multiple stampings of the dispatch 
time because the unit first called did not respond to the 
call. This might occur if the unit were not available or 
just did not acknowledge the call. In the case of these 
multiple stampings, the final time stamp was recorded 
as the dispatch time. We also kept track of whether the 
call was eventually assigned to a different unit than the 
one originally designated. 

We then examined the incoming message logs in re- 
sponse to each call and recorded the time of the first 
response by a field unit, even if it were not the unit desig- 
nated to handle the call. We also noted the type of 
response (i.e., Code 6: “At location and investigating” ; 
Code 4: “No further assistance,” etc.). This was signifi- 
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cant for later calculations of response time. Finally, we 
noted the time the case was terminated in the communi- 
cations center, the time stamped on the back of the mes- 
sage log. To complete the record, the times from the 
daily field activity report indicating beginning and ending 
of the case as recorded by the field officer were also noted. 

From examining the daily field activity report, we could 
then determine if a crime was reported or not. If not, 
we terminated the information collection. Ifa crime was 
reported because of a radio call, we then recorded some 
of the information available from the field activity report 
concerning the activities of the field officer; e.g., whether 
he requested a check of the vehicle license or warrant 
files. We also recorded any observations by the field 
officer shown in the activity report, and recorded the case 
number (the “DR number”) so that we could enter the 
crime report, followup and arrest report files. 

We noted whether an arrest was made or not, and if 
so, what type of charge, where it was made, the date and 
time of the arrest, the use by the arresting officer of prior 
information concerning the case, and the source of that 
information. We then recorded several items concerning 
the crime itself. These included the classification of the 
crime in legal terms; whether or not force or fear were 
involved, and certain subcategories under that heading; 
whether there was an attempt to take property, the dollar 
value reported, and the character of the item; whether 
the crime was inside a building, on the street, or in a 
vehicle; whether there was an attempt to sexually assault 
the victim, and related information about the relation- 
ship with the suspect; whether the suspect was seen, 
named or described by witness or victim ; whether physical 
evidence was reported; whether a vehicle was used by 
the suspect; and detailed information on whether a fol- 
lowup report was made by the detectives and what actions 
were taken in the followup investigations. 

The final information collected was an indication of 
whether the case was cleared by arrest or some other 
method; and if there was an arrest, how many suspects 
were arrested and how many cases were cleared by that 
arrest. 

A computer program was developed to analyze the 
communications center delay time and field response time 
according to different categories of cases and types of 
calls. The program also provided a distribution of arrest 
delay time. In addition, the program could analyze any 
item or combinations of items that were coded on the basic 
forms shown in annex 1. It was thus possible to correlate 
a series of crime characteristics and analyze whether or 
not arrests were made or other clearances effected. It 
was also possible to determine some of the factors that con- 
tributed to case clearances. 


CONSTRAINTS 


Despite the wide variety of information collected and 
the ability of the analysis program to sort on any item of 
information, there were several constraints which limit 
the conclusiveness of the findings. Because of the short 
time period available for both data collection and analy- 
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sis, the data collected were limited to historical informa- 
tion already available in the police department, subject 
to all the errors and ambiguity inherent in data not col- 
lected specifically for a statistical study. 

The second constraint was the requirement to utilize 
many data collectors. Even though these men were of- 
ficers, there were sufficient variations in their back- 
grounds and training so that the coding of information 
was not completely consistent. Furthermore, the par- 
ticular orientation of these officers was toward opera- 
tional situations with which they were familiar, whereas 
the terms used by the. researchers to specify data collec- 
tion were sometimes at variance with conventional opera- 
tional definitions. The process of shaking down this 
semantic difficulty was slow and never completely 
successful. 

A third constraint stemmed from the inherent problem 
of categorizing data into predefined groups. Ninety per- 
cent of the information confronted in a study falls easily 
into the categories designed; but the remainder presents 
great problems in deciding which categories are appro- 
priate. These ambiguities are inherent in any categori- 
zation scheme, and this case was no exception. The 
problem was further compounded by the inability of 
researchers, even with a pilot study, to foresee all the 
requirements for detailed data which later proved to be 
needed. 

The above constraints were recognized at the beginning 
of the study, and specific quality control checks were 
incorporated in the data collection methods. Although 
some errors may be found, it is not expected to have any 
significant effect on the conclusions. 


DEFINITIONS, MEANINGS AND CATEGORIZATIONS 


In order to cope with the problems of semantic orien- 
tation and categorization error, some specific conven- 
tions were adopted, recorded, and disseminated to the 
officers collecting the data in order to maximize the con- 
sistency of results. A complete list of these conventions 
is provided in annex 2. Some of the more significant 
ones are given below: 


(1) If no actual arrest were made, the case was not 
coded as cleared by arrest, even if the investi- 
gator’s followup listed the case as cleared by 
arrest. In those cases, the “other clearance” 
box was checked by our data collectors. This 
was especially important in cases where a war- 
rant was issued but the arrest had not been 
actually consummated at the time of our study. 


(2) Some detective followup reports were found in 
the file which did not indicate any actual inves- 
tigative action by the detective, but merely 
reported supplemental information provided by 
the victim, e.g., adding a serial number for a 
stolen television, or providing a list of additional 
property stolen and its value. In those cases, 
the officers were instructed to ignore that fol- 
lowup report, thus limiting the followup report 
category to actual investigative action taken. 


(3) There was a lack of followup reports in mis- 
demeanor arrests. It was established that the 
department’s policy was to file automatically 
for a complaint whenever a misdemeanor ar- 
rest was made. Hence, a misdemeanor arrest 
always resulted in a “yes-filing”’ category 1n the 
cleared-by-arrest item. 


(4) Where no arrest was made, no case was actu- 
ally counted as cleared in the “No. of DR sine. 
crimes] cleared” item, even though there may 
have been some other method of clearance. 
Discrepancies in counting can be better accom- 
modated by keeping the “other clearances” sepa- 
rate from the arrests. 


COMMUNICATIONS CENTER ANALYSIS 


Dispatch messages within the communications center 
tend to be divided into two general categories: Emer- 
gency calls and nonemergency calls. These are color- 
coded in the Los Angeles Police Department on blue and 
white tickets, respectively. There is an intermediate 
category of nonemergency but urgent (white/Code 2). 
The Code 2 message instructs the patrol officer to get to 
the scene as rapidly as possible without using red light 
and siren. 

From the standpoint of field procedure, a distinction 
can be observed in the method of handling the two gross 
categories of calls. ‘The blue emergency tickets are usu- 
ally answered by the closest available car, although this 
is often a different unit than the one assigned responsi- 
bility in the dispatching message. For the white tickets, 
however, whether “Code 2” or not, the unit assigned 
usually handles the call. Other units, even if in the vicin- 
ity, rarely appear at the scene of a nonemergency call. 
The major exception is when a unit in the vicinity re- 
quests to handle the call, in which case it becomes the 
assigned unit. 

Frequently, the designated unit is either not available 
or quotes a delay in arriving. This causes a delay in the 
communications center while an alternate unit is searched 
out and dispatched. This is especially a problem with the 
white tickets, but may also affect the dispatching time on 
emergency calls. 

The overall response time analyzed in this study con- 
sists of two major components: Communications center 
delay time and field response time. Figure B-1 shows 
eight steps in the process of responding to a call, along a 
time continuum beginning with the time that an event 
occurs. It is seen that the communications center re- 
sponse time, as recorded in this study, begins when the 
complaint officer receives the call. This time is stamped 
on the ticket and is what we have called the originating 
time. The next steps include a decision to commit a field 
unit, the translation of the calling address into a general 
geographic location, the selection of an available unit, and 
the sending of a message to the unit. In most cases, the 
time stamping for dispatch time is the time the message 


is sent and the unit acknowledges (‘7” in fig. B-1). In 
emergency calls, however, units not assigned to the call 
may be responding as soon as they hear the message, and 
may actually be on their way before the assigned unit 
gives his acknowledgement. This is especially relevant 
to our calculations in cases of multiple dispatch time 
stamping. We have indicated the ambiguous point on 
the figure in dotted lines. The field response time is the 
remaining time between the sending of the message and 
the arrival of the first unit at the scene. 


FIGURE B-1. RESPONSE TIME INCREMENTS 


CENTER DELAY 


RESPONSE 
| 


COMMUNICATIONS CENTER DELAY TIME 


Table B—-1 summarizes the communications center de- 
lay time results. The table gives the average delay time, 
the standard deviation, and number and percent of cases 
by type of communication ticket for three classes of calls: 
Those in which a single time stamp for dispatching was 
evidenced; those in which some delays were evidenced 
by multiple stamping; all calls, combining the previous 
two categories. Of the 4,704 total cases, 328 did not 
have time data, primarily because these were not initiated 
by radio calls. These cases were excluded from the time 
calculations. Table B-2 gives the same information for 
calls in which uncleared crimes were indicated, and table 
B-3 reflects cases in which arrests were made. 

It can be seen from examining the tables that almost 
17 percent of the calls involved multiple stamping, indi- 
cating some extra delay in the dispatching process. 
These extra delays result in more than twice as much 
time being taken in the center between receipt of a call 
and dispatching. For the emergency calls, less than 10 
percent have extra delays associated with them, but 
the relative communications center delay time is much 
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greater—as high as three times the normal emergency 
call delay time. 

A distinct difference in communications center delay 
time can be seen in the handling of emergency calls as 
compared to nonemergency calls. Special procedures 
for handling emergency calls in the communications cen- 
ter result in reduction of the average time from 5 minutes 
to less than 2 minutes. 


Table B-1.—Communications Center Delay Time 
for All Radio Calls 
All Single All 
Type of Ticket calls time delays 
stamp 
All calls: 
Average time (minutes)__-------------- 5.17 4.41 9.01 
Standard deviation (minutes) 9.09 8. 60 10. 42 
Percent cases--..-_--- 100. 000 83.410 | 16.590 
Number of cases_ oy ee ee 4, 376 3,650 726 
All code 2 and code 3: 
AveracOnn8:. <= ee ee eee rep bl 1.70 5. 33 
Standard'doviationecs. = a 2en ae ee 3.90 3.18 6.64 
Pernenticaseos ts ee ee eee 22. 806 20.247 2. 559 
Nimberoticases.. 2. =. 2 - s S aene 998 886 112 
All white except code 2: 
Averag@time:-.-- 6 <->. ee a ae 6. 08 5.27 9.69 
Standard:deviatlonee c= ae seseee ease nena 9.95 9.56 10. 84 
PercenticaS@sic a es eee 77.194 63.163 | 14.031 
Numbenoficas@s. etree. sat) ee oe eee 3, 378 2, 764 614 
All white: 
EEN CU ee om eee = ene a a 5.89 §.11 9.44 
‘Standardideyiatione ence e ann aes ean eae 9.69 9.29 10. 62 
Percentcases - 2 = ee eae 83.455 68.304 | 15.151 
Nulmberiotcases= se ere en 3, 652 2,989 663 
All blue: 
Average time hope. iby 23} 4.57 
Standard deviation 3.19 2.46 6. 61 
Percent cases____------- 16.545 15.1C5 1. 440 
Number of cases____---_- 724 661 63 
Blue code 2: 
AVGrag6 UinO Seen en a eee 1.58 1.27 4.91 
Standardideviation:. 22242-22522 = ee ee ner. 2.53 6.78 
Percentcasesse ee tee tte ee enone 15. 562 14. 237 1.325 
Numiberofcases®-: 2.2. a aes 681 623 58 
Blue code 3: 
J WCIEY CAM IG oaoe Same 22 ee oenee eso eee 0.67 0. 68 0. 60 
WfandardigOviation sa-—scek ase = ae eee 0.71 0.74 0.55 
RONCOnUGASGS ote one ee rn ee eee 0. 983 0. 868 0.114 
NilmberoncaseS!2ce2c- eee eee 43 38 5 
White code 2: 
IAV6TAROILING nee 2 ee eee 3. 66 3.08 6.31 
StandargiOe vid NON ees see en eee one 5.03 4.42 6.62 
PercenGcdses. 2 See te ean ae mene 6. 261 5. 142 1.120 
INUMmberof caS@S sense ote perenne 274 225 49 


1 Code 2 calls instruct the officer to get to the scene as rapidly as possible without using 
red light and siren. On code 3 calls, the red light and siren are to be used. 


FIELD RESPONSE TIME 


Accurate determination of field response time is possible 
only in those cases where there was a “Code 6” message. 
This message is given by radio by a field officer when he 
arrives at the scene of a call. Other field responses in- 
clude “Code 4,” which is a message indicating that no 
further assistance is required at the scene, and a series of 
other messages, including a request for further informa- 
tion, the broadcast of information on the event, and other 
requests. However, these other responses bear little rela- 
tion to actual field response time, as defined earlier. 

We have therefore limited our field response time esti- 
mates to “Code 6” messages only. Unfortunately, be- 
cause of the operational procedures established, only a 
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Table B-2.—Communications Center Delay Time 
for Uncleared Crimes 


Type of ticket 


All calls: 
Average time (minutes)... .-..---2-.--5- =. 
Standard deviation (minutes)__..__.__.___________ 
Percent cases 


All code 2 and 3: 
ANGYARCININ GL macs sagen ee, | 
Standard: deviation? <2 250 5. 2 sees 


All white: 
AMCCAPELI Eee ee ee 
RIA UArUviatlOnN sass = es el ae 


All blue: 
AVOrAPEINLG= t= eee soe Sy 
ET TENG CUTE Hf) ( are ee ae ag 
Rernanticasos. eee er ee 
Number of cases 

Blue code 2: 
AVELAPGH (NO ene on ee eee ee ee 
Standard deviation. 


Blue code 3: 
Averavetime--.-- ss) 
Standard deviation 
Percenticases.o- 2 0 
NIMNUSIOHGASESe ae Ree ae oe 

White code 2: 

Averasau nea eee ee See ee SS 
Sian arcneviatONsestcce sa = ek ee 


All 
calls 


Single 
time 
stamp 


All 
delays 


Table B-3.—Communications Center Delay Time 
for Cases With Arrests 


All Single 
Type of ticket calls time 
stamps 
All calls: F 
Average time (minutes)_..............-.-.-...._- 4.28 3.51 
Standard deviation (minutes)___._._..____________ 6.01 5. 32 
Relea nt Gases acer en | Mee sea ee ee 100. 000 84. 581 
Niinbercncesess- 6 ea.) oe es 227 192 
All code 2 and code 3: 
PAN ERE OEY eee ges oh as HeLY/ 1,15 
SlanUaLAeviatONkonaset snake scape canna en ee 1. 81 0. 89 
Rernent.caceseeest sodeneo oeree ee oe ee Se 33. 480 29, 956 
NOMS On CASES cee ee ee ee ee 76 68 
All white except code 2: 
AMOLARM EM Cannt ata ccs sto te an ore ee ee 5. 64 4.81 
SANA COV AtON sedate oe ae ote ao secaee 6. 87 6. 22 
Barnet. CASAS pence ones eee ss ee ae 66. 520 54.626 
ISIN He rr Of GaSOh sone ones ee a ee 151 124 
All white: 
BUGIOPGRINIE etre sd saree ee ene A ae 5.24 4.39 
STATOMPOM BU a eateen a sees ea el 6.55 5.90 
RercpTtcnsest sae. eee spe ee ee 76. 652 62.996 
NUN eI OR Od ESoee Sarees sa, eee eee 174 143 
All blue: 
OE ie a ae ae ae Ul E 0.94 
Standard deviat 1.12 0. 80 
Percent cases___ 23. 348 21. 586 
Number of cases_ 53 49 
Blue code 2: 
{ah'(Ve CRC ee aes Lele a Reape ae SOF 1. 08 0.89 
DIANGSTOCEMIAL OU ade we saeetencaowes eee 1,13 0.75 
REVOR GASES cca n achat dane eee west a 21.145 19. 383 
NIGER On CoS GSeh sen ae pe ona acn te kt een 48 44 
Blue code 3: 
EVG CP CRU UC: Se SAO OS © ee a, 1,40 1.40 
SEATUB EO MOWIAHOING, foe ao nab twins i552 oman oe 1.14 1,14 
Poreaiticasesens i ncesemss ecg es en eee 2. 203 2.203 
RHE T OF CASO Siege eters a a= = ee es 5 5 
White code 2: 
Average time.._..........- aan ae saeerauee 2.61 1.68 
BISNUBILCO VINO Mis acca canoes = Se aoe renee 2,55) 0. 89 
ot A gUL LL See Sie ae oe eee aie mayen 10. 132 8.370 
NIDA Oh UAGUSL = aewct an aan ceneatnn seed 23 19 


All 
delays 


small percentage of calls result in a “Code 6” a. 
tion by the field unit. As a consequence, our field re- 
sponse time statistics are somewhat limited. The ‘ir 
ple does appear to be large enough, however, to make 
reasonable estimates of the field response time. 

Table B—4 presents a composite of all cases, uncleared 
crimes and arrests, where the response 1s given as a Code 
6” message. In examining that table, the difference in 
procedure in dealing with emergency and nonemergency 
calls is evident. The response time of the emergency 
calls (Code 2 and Code 3) is approximately half that of 
the nonemergency calls (white other than Code 2). 


Table B-4.— Field Response Time! 


All radio Cases Un- 
Type of ticket calls with cleared 
arrests | crimes 
All calls: 
Average time (minutes)_---...------------------- 5.23 3. 40 8.00 
Standard deviation (minutes)_---.....------------ 7.67 2.47 9.54 
i Niniberof ass Ce ee ee 265 30 40 
All code 2 and code 3: 
ea a ee ba) EB] 42 
standardideviation-<- 2e- =o. cee eon eanetes Rone jf . H 
i Pe SES Gi he Mir a Sao ee ee 160 PX 23 
All white except code 2: 
AVErApeltiteh ses a eae oo oe = ee ee 7.40 4.56 12,94 
Standardidaviahion cc 8s. en ee oe 9.94 Zu0N 12.73 
if Nomnber Of CHSOS eee ea ee oe 105 9 17 
white: 
Averapetin@ses- 2. ce eas cane. Sees eee eee aoe 6.76 Sub 12.00 
Standardideviationacac as pee eee 9.10 2. 82 12.37 
ait ,flumbex Off CaSOS3 5 can So a ee ne echoes 131 16 19 
ue: 
AVGragest) On oases eeepc ae 3.75 3.00 4, 38 
Standard devistioMeese ne een eee ee ee 5.61 2.04 3.28 
i Number Of{CAS GS! 32a thas Saath eee ee 134 14 21 
ue code 2: 
Average time_______ 3.78 3.00 4.53 
Standard deviation 5.90 2.04 3.42 
Number of cases__________ 120 12 19 
Blue code 3: 
IANGCapO RIM Os. ee ee ee 3.43 3.00 3.00 
Standard deviation___.__.__._________- 1.60 2. 83 0 
Numberiohicasesiccss <u. onau ns ope eee 14 2 2 
White code 2: 
AVG ag@n IMGs. peeks Jee ee ee 4.15 2.71 4.00 
SEnCETCICCME Sie ene ees gaz 3.50 4.24 
Numberonicdsess.2-. een sen eee ee 26 7 2 


1 |ncludes only cases with code 6 messages. 


OVERALL RESPONSE TIME 


Table B-5 presents a summary of the overall response 
time analyzed in the study. It is seen that the difference 
in response time between emergency and nonemergency 
calls is even further emphasized when communications 
center and field response delays are summed. The blue 
emergency calls consume considerably less time from 
receipt of the citizen’s call to arrival on the scene. The 
response time for emergency calls in which an arrest is 
ultimately made is over one-third less than the response 
time for cases in which arrests are not made. 

Another way to see the effect of response time on ar- 
rests is to examine how the frequency of arrest changes 
as response time increases. This is shown in figure B-2. 
In that figure, the percentage of arrests is cumulative ;1Le., 
a point on the curve represents the percentage of arrests 
in all cases with response time less than the specified point. 
The results indicate that proportionately fewer arrests 
are made as response time increases, 


While this evidence does not directly imply that faster 
response time will result in more arrests, it does appear to 


support that view and tends to reinforce our intuition 


FIGURE B-2. PERCENT OF ARRESTS IN RELATION TO 


OVERALL RESPONSE TIME 
( Code Six Responses Only ) 


4 


PERCENT ARRESTS (cumulative ) 


Number of arrests 


Number of cases with response time less than t 


OMS Are Se TG a 72 Se Dm ese 15 
OVERALL RESPONSE TIME IN MINUTES (t) 


about rapid response time being significant in police 
effectiveness. The results of this analysis seem to imply 
that both communications center delay and field response 
delay should be minimized. 


Table B—5.—Response Time and Arrests 


Average Average | Average 
Type of call communica- field overall 
tion center | response | response 
delay delay ! time 
Emergency (all blue): 
Crime uncléered.... 22+ 2-...22.22--25<--2+0- 1,92 4. 38 6. 30 
Arrest ey a i GahitejGode 2) ahaahiwaee 1.11 3.00 4.11 
Nonemergency but urgent (white/Code ¢)- 
Crime.unclearéd..; 2-<<--s22s-s2s«---s-566-- 3, 84 24,00 7, 84 
Arrest made. --_---. aateieae To 2.61 2.71 5, 32 
All other nonemergency (white not Code 2): uf 
Crime uncleared.._...-...------=-------<---- isco 312,94 320.19 
Pree CLI G Ue: amon ae ae eee 5. 64 4.56 10. 20 


1 “Code 6”’ responses only. 
2 Very small sample. _ . 
3 Reflects high proportion of “take report calls. 
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One important characteristic of minimum field re- 
sponse delay in an emergency radio call is the tendency 
of the nearest unit to answer the call, even if not as- 
signed. If the nearest unit were assigned in all priority 
calls, the overall field response time would surely decrease. 
Also, as seen from table B-5, a significant proportion of 
delay is in the communications center. These observa- 
tions support the use of more automated methods of call 
processing to reduce the communications center delay 
and car location to find the nearest available car. 


EMERGENCY DISPATCHING CRITERIA 


There is another significant result concerning response 
time which needs to be examined. Table B—6 provides 
a breakdown of the emergency and nonemergency radio 
calls in terms of whether crimes were reported. Table 
B-7 indicates for all radio call crimes the number and 
percent in each dispatching category that were cleared 
by arrest or other methods. 

Examination of these tables suggests an interesting 
hypothesis concerning emergency dispatching criteria. 
First, note that the overall number of crimes reported, 
given a radio call, is 1,614 of 4,376 (or 37 percent). The 
emergency calls, however, only show 24.7 percent crimes 
reported. This is low primarily because of the false alarm 
rate for silent burglary alarms. The nonemergency cases, 
on the other hand, result in 40.5 percent crimes reported. 

If we examine the uncleared crimes in this category, we 
note that 1,138 (or 83 percent) of nonemergency radio 
call crimes are not cleared. About 90 percent of those 
1,138 are calls to take a crime report after the crime has 
already been committed (burglary, for example). As we 
will show below, this is the most difficult type of case to 
clear. However, of the 1,138 uncleared nonemergency 
calls, we have found that in 112 cases (or 10 percent) , the 
information available at the communication center at the 


Table B-6.—Radio Calls and Crimes Reported 


Radio calls | Percent of 
with crimes radio 
reported calls 


All radio | Percent of 
Type of call calls total 


Emergency (all blue)___._----------_-. 724 24.7 
Nonemergency but urgent (white/Code2)_. 274 24.4 
Nonemergency (other white)_-------_.-- 3, 378 40.5 

Re) | eae one A EP 4,376 37.0 


Table B—7.—Clearance of Radio Calls With Crimes 


Reported 
Uncleared | Arrests Other Total Total 
Type of call crimes made clearance | cleared |radio call 
crimes 
Emergency (all blue)... .--------- 116 53 10 63 179 
MTG) eer ee ----|(65) (30) (5) (35) (100) 
Nonemergency but urgent (white/ 
OU) ae = aes ee 38 23 6 29 67 
CPSIGON Ds a. = <eceeet as Saco (57) (34) (9) (43) (100) 
Nonemergency (other white)_--_-- 1, 138 151 79 230 1, 368 
Gris) ae eee apes |(83) (il) (6) (7) __-|(100} 
cj) 1. | SEP ee a Se 1,292 227 95 322 1,614 
Paloeittghiasicaickicconnd (e0) (4) (6) (20) (005 


1Qnly a controlled experiment designed specifically to test this hypothesis 


would be conclusive proof. 
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time of the citizen’s call led to the conclusion that this 
was a “suspect-on-scene” or “possible crime” case. 

The hypothesis we are exploring is that some fraction 
of the nonemergency calls should really be given emer- 
gency dispatching priority. Although as a percentage of 
total nonemergency calls these 112 may not appear signif- 
icant, they represent more than 15 percent of the number 
of actual emergency calls in the sample, and 63 percent 
as many cases as the number of emergency calls with 
crimes involved. 

Table B-8 gives a breakdown of the types of cases we 
are discussing. In this sample of 112 calls, 57 cases ac- 
tually appeared in the communications center to be sus- 
pect-on-scene calls. When the officer arrived, he may 
have been too late to do anything more than take a crime 
report, or the suspect might have just left, or might 
still have been on the scene. This total of 57 cases in- 
cludes a significant proportion of serious crimes such as 
burglary, robbery, and aggravated assault. If we now 
examine the calls that appeared to the communications 
center to be possible crimes, we again note a number of 
cases of significance, including one homicide; and a series 
of lesser crimes, particularly a large number of malicious 
mischief cases. 

It is clear that response time is not critical in some of 
these cases, especially the possible crimes which resulted 
in “take report” calls. But a significant proportion of 
these 112 nonemergency calls would have greatly bene- 
fited from decreased response time, especially the feloni- 
ous crimes where the suspect appeared to be on the seene 
at the time of the call. In addition, there are the cases 
concerning husband-wife or neighbor disputes, fights or 
juvenile disturbances which may be initially communi- 
cated to the police by a witness who does not know the 
seriousness of the event (and, indeed, many of the events 
are not at all serious at the time of the call). Unfortu- 


Table B-8.—Nonemergency Dispatching Problem 
Calls: Breakdown of Types of Cases 


From call information 


nately, a number of these tend to escalate into more 
serious situations such as aggravated assaults. ; 

These considerations strongly suggest the need for modi- 
fied criteria for emergency dispatching. Increasing the 
number of calls which receive priority assignment may 
tend to degrade slightly the response time on vac 
priority assignments. Nevertheless, an examination 0 
the false alarm rate rapidly leads one to the conclusion 
that the number of cases negatively affected by this 
change would be very small, compared to the number 
of cases in which improved effectiveness of the police 
would result. With our present knowledge of calls for 
service, however, it is not possible to state the specific 
modifications and criteria that seem to be implied by the 
results of this study. The criteria for assigning such 
priority must be developed from a research and develop- 
ment program with that specific objective. Such a pro- 
gram is outlined in the last section. 


ARREST AND OTHER TYPES OF CLEARANCE 


Table B-9 lists the types of crimes reflected in this study. 
Of the total 1,905 crimes, 482 were cleared by arrest or 
some other means of clearance. Before discussing the 
specific results, a general discussion of case clearance 
methods may be helpful. If an arrest is made, a com- 
plaint may or may not eventually be filed against the 
arrestee. If a complaint is not filed, the “other clearance” 
category in our coding scheme indicates one of several 
possible reasons. For example, the subject may be a 
juvenile, in which case special procedures are required. 
The prosecutor may choose not to file due to the lack of 
sufficient evidence or the victim may refuse to prosecute. 
Followup investigation in a case may indicate that no 
crime was actually committed. Finally, there may be a 
variety of other reasons for not filing a complaint, includ- 
ing the setting of a hearing by the city attorney. 

Even if the suspect is not arrested, the case may be 
cleared in one of the several “other” ways including those 
just described or by issuing a warrant for his arrest. 

Arrest may result in several ways. For example, in 


Totals (112 ifti } 
Afieeotisbelanel . nasetraduike (12) shoplifting cases, the arrest is frequently made by a se- 
pect-on-scene’’ (57) |‘‘possible crime’’(55) 
At arrival: At arrival: At arrival: Table B~9.—Breakdown of Types of Crimes 
Sus- | Sus- Sus- | Sus- Sus- | Sus- Type 
: Take | pect | pect-| Take | pect | pect- || Take | pect | pect- uP ‘umber Perce 
Type of crime report} gone | on- | report} gone | on- || report} gone | on- 

scene scene scene MUrde ideas c- sanee oe, ee eee eS eine 4 0.2 
Buk be, a Aggyava ted eissalll aes ene pas ek ee 5 en ee ee 94 5.0 

eel Shane praneer Sc gues rare Ben ee / 
LUTTE cree ate | (ala [epee [ene (ep |e UL (gece ae] | Ee Ties TOE YesONese tines ese ie ee a eee ate Aree 7 : 3 
Aggravated assault. __ 3 tel epee a ps renal | 2 ee 4 11 eee ECE Ree eneeNAS ROIS TS, CR PROM one a Ds 626 S805 
Sip UNSC. sens = = lade 1 hy [ae | |e OE Bee | eee Renee lf ees Robbery ASE: te ee ae aoe Se RR OS ay 102 5.5 
Burglary. ==... 129) Ge 28 Teas 20| 7 D ~ (emilee. 2 70 37 
Robbers 2. 22-_- 1 By | eee eee Pes 2 Dy | eee Pettyithett 2 2 eos cane J 311 16.6 
Grand theft______-__- eae |e Se eres ee |e DNase Gosee Grand theft—auto 3 328 17.5 
Petty theft__________ 3 cf Ni eae 2 4 3 2 —~ Sitiplevassaultssa% 2255. 2o 5 ee eer ees 60 3.2 
Grand theft—auto____|--.-._)-.----|--.--- Galesenan|paase Gt ieee eee Worthless document 9 ‘4 

Simple assault. ___---|------|-- ee ees |e | ee Deer area |e ae 1 _ Malicious mischief 127 6 
Malicious mischief____ 4 4 1 23 | eee ae 27 6 1 Ba an keene neces nae as 112 uA 
Oita ie vA ie Fs | ee Ma | Pe 9% hp ae SET eae oS" ahcmeaaet a4 6.0 
PRO W tits os aes [ao | 1) |e a (2 eee Dal ete Se ee Gg ap a eee err 

S| | OA Ra aeeray ton oy 

Total_____.--- 27 18 12 42 5 8 69 23 50) 0 RS Se ee eae ge ae 1905 100.0 


1 Type of crime omitted in data collected. 


1 Type of crime omitted in data collection. 
2 Percent of identified crimes. 


curity officer in a retail establishment who summons 
patrol officers to take the offender into custody. Arrests 
may also be made on the scene by the patrol officer, fol- 
lowing his observations of criminal activity or ’per- 
haps a wanted person or wanted vehicle. Arrests may be 
made in response to a radio call of either the emergency 
or nonemergency varieties. Occasionally, a patrol officer 
will make an arrest at the residence of an individual who 
1s wanted for some prior crime. 


CLEARANCE DATA 


Table B-10 gives a summary breakdown of arrests and 
other clearance. Of the 482 cleared cases, 336 actual 
arrests were made, 304 by patrol. It is seen that patrol 
officers make greater than 90 percent of all arrests. The 
remaining -10 percent are made by the detective force, 
Im most cases through followup investigations of a 
particular crime. Although the detectives actually make 
very few arrests themselves, their followup investigations 
frequently identify wanted persons who are later the sub- 
ject of patrol officer arrests. The exact number of these 
was not specifically collected in the study, but an ap- 
proximate figure inferred from other collected data indi- 
cates that about 25 percent of patrol arrests are of indi- 
viduals previously named in detective followups. 

The breakdown of other clearance methods is given 
in table B-11. About one-third of these cases involved 
juveniles where some procedure other than arrest was 
utilized. Another third involved cases in which either 
the prosecutor chose not to file, the victim refused to 
prosecute, or later investigation indicated no crime was 
actually involved. The last third contains the other meth- 
ods including city attorney’s hearing and issuance of war- 
rants. Initial design of data collection methods for this 
study did not envision such a large volume of “other”’ 
methods. As it became evident during the data collec- 
tion that the “other” category was too broad, an attempt 
was made to sample crimes in that category to determine 
what the general breakdown reflected. A sample of 20 
such cases of other clearance resulted in the determina- 
tion that approximately two-thirds involved city attor- 
ney’s hearings, and the remainder involved warrants for 
arrest of a suspect. In the sample of 20, only one case 
involved some dispositional action other than the hear- 
ing or warrant. f 

In examining the breakdown of types of crimes in 
cleared cases, some differences are apparent between ar- 
rests and other methods of clearance. Table B-12 illus- 


trates these differences for some crimes. It is seen 
Table B-10.—Cleared Cases 

Totals Patrol Detective | Not shown 

Arrests made: ; 
31 ee 233 206 25 

Other ETCH eee See eres 103 98 3 

Poll oss cose aoe een seus S-sses 336 304 27 5 

Other clearance, no arrest made__---- TAG | nnnoennnon|-n-----o enn] ane----n==== 

Total cleared cases. -.-------------- 7 {| SS, aes ene 


ee an 
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Table B—11.—Breakdown of Other Clearance 


Other clearance method No With All 
arrest | ‘arrest 

NIMGNO Ss ee ee ee ees eee op 17 61 78 
Prosecutor chooses not to file__ 14 22 36 
Victim refuses to prosecute___ 22 6 28 
DigniNese > n= 5 24 3 27 
(hie. SE Te eS ee ee as eee ee 68 11 79 
Ut EE oS ae eee Ee eee ee eee oe 1 0 1 
GLA ae ee ae et es ee ee 146 103 249 


Table B-12.—Types of Crimes and Methods of 


Clearance 
Cases cleared|Cases cleared 

Type of crime by arrest by other 

methods 
Biel atic ee ee eee ree 55 i3 
Robbery 2. skeet ea ps ee eee eS 24 2 
Grand theft—Auto oe 42 7 
Simplerassault-8- co ane ee Sapo t ss Sees 11 37 
Malipjousimischief. oe ee a ee ee 11 13 


that the “harder” felonious crimes, such as burglary, 
robbery, and auto theft, tend to be cleared more by ar- 
rest; whereas the “softer” crimes, such as simple assault 
and malicious mischief, tend to be cleared by other 
methods. 

In analyzing the characteristics of arrests, two types of 
data were collected: One on the charge made 
at the time of arrest; the second on the location 
of the arrest. The charge included (a) the case for which 
this crime report was made (coded “This DR”); (b) 
another case in a series of crimes committed by an indi- 
vidual (coded “Other DR this Series”) ; and (c) another 
charge, such as a traffic citation, which led to an arrest 
on the specific case involved (coded “Other Charge’). 

The location of arrest included (a) on-scene; (b) 
vicinity of a current crime; (c) the residence of the sus- 
pect; (d) other locations; and (e) unclear. 

Table B—13 gives the breakdown of 304 arrests by patrol 
and 27 arrests by detectives according to those two addi- 


Table B—13.—Breakdown of Arrests 


Other DR 
this 


series 


Other 


This DR charge 


Arrests by patrol 


ON SOONG. oem a en ee ee 148 4 4 
Micinity (CUTE D Sa aoe se aenee eee eo enee ence eee. 51 3 2 
RBSIMONCO Str occ oe nee wanes ee 21 0 2 
(1/12) ae eee SEER Sere Sea Te eae ee 24 50 2 5 
UNG BA faincios se secre eee Se eae eben ee nee 11 1 0 
Otel XS0A) es ee ae eee ee 281 10 13 
ONGCONGS. - 2a ean Rateh eats dcwntannecvereebhacewn 
Vicinity (current) 
RES BNCO2 nae cc edcedwcnacnaanansGncannaneasta 
ODN ieeie. Beet os tee ean eked 
US COM ae te canon cnelanwadsobondemncodsomaiun an 
Total (27) 
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tional characteristics. It should be emphasized that the 
On-scene arrest does not imply that the patrol officer 
caught the suspect in the act. It merely indicates that 
when the arrest was made the suspect was at the location 
at which the crime was committed. 

Relative to this last point, an analysis was made of on- 
scene and vicinity arrests—a total of 223 out of the 336 
arrests made. Of these, 91 cases involved observations by 
the patrol officer of some suspicious activity. The 91 
cases included 25 observations of crimes, 58 observations 
of individuals under suspicious circumstances, and 8 ob- 
servations of suspicious vehicles. 

Figure B-3 gives the delay in arrests from the time the 
crime is committed. Over one-third of all arrests are 
made in the first one-half hour. By the time 2 hours 
have passed, almost half the arrests have been made. 
These are, of course, primarily on-scene or vicinity ar- 
rests by patrol. The cumulative percentage of arrests 
then retards in slope until investigative action results in 
additional arrests being made. By the end of the first 
week, almost two-thirds of all arrests have been made; 
94 percent by 1 month and 98.5 percent by 1 year. 

In cases where arrests are made, there are frequently 
multiple suspects and/or multiple cases involved. Table 
B-14 gives the figures on number of suspects arrested per 
case, and number of cases cleared per set of arrests, for a 
sample of 262 arrests. The results indicate an average 


FIGURE B-3. 


Table B-14,—Average Number of Suspects Arrested 
and Crimes Cleared 


Number | Casesin | Average | Standard 

counted sample per case | deviation 
SuspectsatresteQ. een ee 396 262 vol 0. 89 
onnies Gleared (DRis) ean ace 722 260 2.77 7, 88 


of 1.5 suspects arrested per case and 2.8 cases cleared per 
arrest. 


UNNAMED SUSPECTS 


One of the most significant characteristics of a case, 
affecting its chances of being cleared, is whether the sus- 
pect was named in the crime report by the victim. How- 
ever, before we examine the data on this characteristic, 
some explanation of the ambiguities involved is required. 

There are really three general categories of cases con- 
cerning named or unnamed suspects. The first cate- 
gory is where the suspect is actually known to the victim. 
The second category is where the suspect was not known 
to the victim, but was arrested in the process of commit- 
ting the crime and, therefore, directly identified at the 
time the crime report was made. The third category is 
where the suspect was not known to the victim and was 
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not apprehended at the scene and, therefore, the crime 
report did not reflect the suspect’s name. 

When this research study was first designed, the dis- 
tinction between the first two categories was not clear. 
Therefore, instead of collecting information on whether 
the suspect was known to the victim, we recorded only 
whether or not the Suspect was named in the crime 
report. In 1,905 cases in which crimes were involved, 
349 were coded as “suspect named.” About midway 
through the study, this problem was detected and a spe- 
cial sample was run to evaluate the relative ratio of cases 
in the first two categories. That special sample included 
69 cases, Of these, 33 or almost half were known to 
the victim or witness prior to the crime being committed. 
Of the remaining 36 (about 50 percent), 14 (or 20 per- 
cent) were not known to the victim, but were arrested by 
a retail store security officer or other citizen. The remain- 
ing 22 (or 30 percent) were not known to the victim 
but were arrested at the scene by the patrol officer. These 
data help to qualify the results given below. 

The “suspect named” category, as coded, includes two 
basic variants—one in which the name was confirmed, 
and one in which the name was unconfirmed at the time 
the report was made. The unconfirmed name, for exam- 
ple, might be entered if the victim suspects someone but 
has no evidence. In the “suspect not named” category, 
there are also two variants. Either the suspect was com- 
pletely unknown, or some partial name or nickname was 
available which was not sufficient to identify him. 

Table B—-15 summarizes the total number of crimes, 
both cleared and uncleared, with named and unnamed 
suspects. Examination of this table shows that over 60 
percent of the cleared cases are those in which the sus- 
pect was named in the crime report. As we have indi- 
cated from our special sample, about half of these were 
arrests on-scene of unknown suspects. 

In the uncleared cases we note the high correlation 
with the unnamed suspect characteristic. Out of a total 
1,423 uncleared cases, 1,375 concerned unnamed suspects. 
In considering the 48 uncleared cases with named sus- 
pects, these divide into 23 cases with unconfirmed names, 
and 25 cases with confirmed names. Of the 23 uncon- 
firmed name cases, followup investigations were made in 
13 of these. In only six cases was the unconfirmed name 
confirmed by the followup investigation. In the 25 un- 
cleared cases coded as “confirmed name,” only 6 follow- 


Table B-15.—Comparison of Clearance in Cases 
With Named and Unnamed Suspects 


Uncleared| All Cleared 
cases | clearance | by arrest 
(1, 423) (336) 
Suspect named: 
Confirmed een Peres ee, ee ne 25 sa = ee” 
Unconfirmed___....--------------------------- 23 9 |---------- 
Total (349)...------------------+----------- hag 48 301 203 
Suspect not named: 
PCompletely unknown_-.----------------------- 1, a a marl ete Pa 
Paral onnicknaiietitesssee——ceo--ees ae] PS) ne 
Total (1, §56)...-.-------------------------- 1,375 181 133 


i r leared. The discrepancy 
2 One might expect that those 29 cases would have been c 1 

is possibly. attributable to errors in coding during data collection. For erases, 
if warrants were issued for the 29 suspects, the cases should have been coded as 


“cleared.”” 
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ups were made, and only 4 of these confirmed the origi- 
nally named suspect. This means that of a total of 48 
uncleared cases coded as possibly having named suspects, 
only 29 actually were confirmed.” 

The impact of the named suspect characteristic can be 
seen more specifically by examining some particular types 
of crimes. For example, assault cases tend to be cleared 
at a much higher rate than most other crimes. This is 
primarily because a large proportion of assaults involve 
named suspects. Out of a total of 154 aggravated and 
simple assaults, 116 (or 75 percent) were named suspect 
cases. Of the 154 assaults, 123 (or 80 percent) were 
cleared. 

A similar result is seen in rape cases. Out of 14 total 
cases in this category, 10 were cleared. Nine of the 14 
cases involved named suspects. Burglaries, on the other 
hand, generally involve unnamed suspects. Of the 626 
burglaries, only 31 (or 5 percent) had named suspects. 
This significantly affects the clearance rate. While bur- 
glaries represent 34 percent of the total number of cases, 
they comprise only 15 percent of the total number of 
cleared cases. 

The impact of the named suspect characteristic on 
clearance of crimes raises a question concerning the re- 
sponse time and arrest data presented previously. 
In attempting to insure that the named _ suspect 
problem did not bias the conclusion about the relationship 
between response time and arrest, the results were 
checked. We eliminated the named suspect cases and 
made calculations similar to those displayed in figure B-2. 
Although the sample of cases was reduced considerably, 
the results reinforced the previous conclusions on response 
time. Of the 34 total cases, 8 arrests were made, 7 of 
these in cases with 2-minute response time or less. 


INVESTIGATIVE PRACTICE AND PROBLEMS 


Table B-16 summarizes the information collected on 
investigative followup practice. Two intuitive observa- 
tions about detective activity are supported by the infor- 
mation in this table. 

The first observation is that detectives tend to put their 
energies in cases where there is something positive to in- 
vestigate. Almost two-thirds of their followups in 
cleared cases were associated with suspects named in the 
crime report. Furthermore, the followups in the un- 
named suspect cases, although an appreciable one-third 
of the total, include only a relatively small number of 
cases that were solved primarily by detective followup 
investigation. On-scene patrol arrests accounted for the 
clearance of more than 70 of the 136 unnamed suspect 
cases. The followup reports made in those 70 represent 
only the investigation needed to request filing of a com- 
plaint against the suspect in custody. This leaves less 
than 66 out of 363 followups, or less than 20 percent, in 
which the detective effort was not initiated by knowledge 
of a specific suspect, either named or in custody. 

Of the 1,423 uncleared cases, only 84 followups were 
actually made by detectives, and the suspect was named in 


3 As noted earlier, due to differences in reporting practice, many on-scene 
arrests do not result in a suspect being named in the crime report. 
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Table B-16,—Investigative Followup Practice 


Cleared Uncleared 
otal cases ase ie) te ee ee 482 1423 
Total number of followup reports made 363 84 
Suspect named in followup report: 
Suspect named in crime report.......___._____________ 200 12 
Unianiedesispectsk- cee svar 45 Oe Ge ee 136 
Waka aeons es ED Pee 336 18 


only 18 of these. This does not imply necessarily that the 
detectives work only on cases which can be cleared. But 
it does imply that detectives do not make followup reports 
when there is nothing to report. To put it another way, 
the bulk of the 1,423 uncleared cases had little or no evi- 
dence on which detectives could base a followup investi- 
gation. 

Detectives also appear to allocate their efforts 
according to the value of the case. Table B-17 shows 
the difference in average property value for cleared and 
uncleared cases in which property was taken. It can be 
seen that the average value in cleared cases is signifi- 
cantly higher than in the uncleared ones. Furthermore, 
the cleared cases having detective followups tend to be 
even higher.‘ 

Tables B-18 and B-19 examine some of the methods 
by which suspects are linked with cases in the detective 
followup reports. As we noted, many such linkings are 
initiated by on-scene arrests made by patrol officers, 
rather than as a result of followup investigation. 

Table B-18 summarizes the total number of unnamed 
suspect cases in which particular methods were used. 
These methods include identification of suspects from 
photos, modus operandi techniques, stolen property, 


Table B-17.—Clearance and Property Value 


Cleared Uncleared 
cases cases 
VIGTAUCRS BGM ts tombe an er ae ee ee 482 1, 423 
Cases with property stolen_......_.......-...._-___________ 150 846 
TARVER Me ee eee geen oe Ak Sees a tek ee $83, 944 $328, 662 
ANAT ang Vall qeeeess nope Seer ee re A tS ene $555 $388 
Sandal ardaviatioiias sek os ee Oe heey A Dee mel 1, 954 1, 324 
Followup nadesees. 8. sans se Sees a! ee 115 61 
TCHS COS REN Be ee RE Eee ee $75, 521 $20, 718 
AVE TARE Vallideer, eee oe se ee te eS ae $651 $338 
SLENGEIGISEM TENT eS aneen ai ee SER TEN Se Sie Deion 2, 147 705 


Table B-18.—Methods for Linking Unnamed Sus- 
pects to Crimes 


Method used: ! Number of cases 


Photo identification __ 12 
Modus operandi_ 6 
Stolen property__ 36 
Wea pol eecctere tins. See aera. Sia e eee tn ee ee ary 2 
V's ae Co eee pom ees ers EN SGU EL oe oe ye 33 
NIRS TROBAtOMMORAITOStED 22-2 one sonnet ae ee 48 
(1210) a ae Se ae ne ene ae SSO teres er eames 4] 
Total cases of suspect not named in crime report but named in detective 


(ON OWUD LAD ORES Spee cy Be ns dae eR ee ee foe 134 


1 May use more than one in each case. 
2 Large proportion of “‘other’’ are personal identification by victim or witness. 


Table B-19.—Followup Methods and Types of 
Crimes 


Selected types of crimes 


Grand 
theft— 
auto 


Burglary | Robbery 


Method Aggravated 


Petty 
assault theft 


Photo: 

Unique method ._.-_____ 

In combination. _________ 
Modus operandi: 

Unique method __--_____ 

In combination_ 
Property: 

Unique method_ 

In combination____--____ 
Weapon:! 

Unique method _- 

In combination. _____- 
Vehicle: 

Unique method. _- : 

In combination.__-______ 
Interrogation: 

Unique method__________ 

In combination. ______ 
Other: 

Unique method._________ 

In combination. .________ 
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1 Sample size precludes firm conclusions concerning use of weapon information. 


weapons, vehicles, interrogation of arrestees, and identifi- 
cation by victims (incorporated in the “other” category.® 
Modus operandi techniques and weapon information are 
used in only a few cases. 

Table B-19 provides some information on the use of 
these methods to identify suspects in different types of 
crimes. ‘The types of crimes selected include aggravated 
assault, burglary, robbery, petty theft, and auto theft. 
These categories demonstrated the most distinct correla- 
tions with followup methods used. The data in the table 
indicate the number of cases in which the method was 
used uniquely, or in combination with others. 

Some conclusions we might tentatively draw from this 
table are as follows: First, there is a tendency to utilize 
combined methods, particularly where property, vehicles, 
or interrogation are involved. Care must be taken in 
interpreting these results, however, because of data col- 
lection ambiguities. For example, in the cases of auto 
theft, many of the “combinations” involved property and 
vehicle, but the “property” was actually the vehicle. The 
suspect was arrested because he had the stolen vehicle in 
his possession. 

A second tentative conclusion concerns modus operandi 
data. These are most often used in combination with 
other methods, rather than uniquely. Because of the 
small sample, we should be careful not to conclude that 
the technique is confined to burglary. Robberies, on the 
other hand, tend to emphasize identification and inter- 
rogation methods because the robbery suspect has usually 
been seen by a victim or witness, 

_ One problem in police work, which is obvious from the 
information on the unnamed Suspect Cases, is in the area 
of burglaries and thefts. Of 1,031 cases in this category 
937 were unnamed suspect cases. Of the 1,031, 626 were 
burglaries, 70 grand thefts, 311 petty thefts and 24 were 
multiple crimes where thefts were also involved. Arrests 
were made in 120 of these cases, 56 of which were of 


‘That result must, however, be interpreted carefully; some Los Angeles Police 
Department detective divisions require a followup report in all cases with 


property value over a designated amount. 
5 See annex 2, item 12. 


named suspects. As we indicated earlier, half of the 
named suspect arrests were of individuals unknown to the 
victims or witnesses. The inevitable conclusion is that 
the major effective tool against the burglary-theft type 
of crime is the on-scene arrest, either following from a 
radio call or some field observation. Followup investiga- 
tion appears to be very ineffective against this type of 
crime. 

In looking for a ray of hope, we did uncover a situation 
with respect to fingerprints which merits further exami- 
nation. Of the 626 burglaries, 307 have indications 
of evidence at the scene of the crime, in 269 of which 
a technical specialist was actually contacted to come out 
and view the evidence. When we speak of a technical 
specialist here we mean primarily, a fingerprint specialist.° 

Unfortunately, the existing information in the files does 
not indicate how often the technical specialist actually 
visited the scene of the crime. We do know from police 
officers’ comments that the shortage of technical specialist 
staff limits the number of cases in which they actually visit 
the scene. Of those 269 cases in which the technical 
specialist was contacted, 28 cases actually had fingerprint 
evidence booked. This represents almost 5 percent of all 
burglaries, or almost 10 percent of those in which evidence 
seemed to be available at the scene. This is a lower 
bound because, as indicated above, there are many Cases 
in which the technical specialist does not actually visit 
the scene. It can be assumed that some percentage of 
those have fingerprints that could be used as evidence. 
Extrapolating this over the total number of burglaries in 
the city of Los Angeles, a minimum of 2,500 to 3,000 cases 
per year with fingerprint evidence can be anticipated. 

One significant factor in solving crimes is vehicle in- 
formation. Table B—20 summarizes the data on clearance 
of cases with good vehicle information. Of the 1,905 
crimes, 231 had vehicle descriptions, 94 of which had 
license data. About 60 percent of these were unnamed 
suspect cases. Of the 94 total cases, 65 were cleared, 54 
by arrests. 

This section on investigative practices and problems 
has described some of the existing methods of clearing 
crimes. It has also exposed how little we know, in ex- 
plicit terms, of the effectiveness of present methods. For 
example, for the purposes of optimum allocation of de- 
tective resources, it would be extremely valuable to have 
some quantitative estimates of the chances of clearing a 
particular type of case, given a followup investigation of 


Table B—20,—Use of Vehicle Information 


Total! crime@$._..----------s20------22--na-na 0-2 ssn nsec ane n ane nse nase ene sene 1,905 
Vehicle information present. ____--------------------------------------------- 231 

License information present: 
[i] | (eee ee eR a ee ee eee ee eC eee 84 
Partigles sec sas cko we de nsec emcee La ae sn sean aver ae nen ea nasa 10 
Totaled connec ooo eee awa panne non seco ae aan aw naam nnn nnanosenenns 94 


For cases with license information: 


Named suspect cases... .--.--------------------------------------------- 38 
Unnamed suspect cases.......---.-------------------------------- 77-70 7- ieee 
Total arrests Mad@:-222.- o2es-.—- 2 -saeeense-nene-oe=--- 22 <= ann s-secreenen = “4 
Other Cleavanc... 22 ce-n- 2 = acon en noe n nner e nn nae nn nese annaiaaare est 
65 


Total Cbg OG inqcnucceeanon p= ap es an eee oe eee eae naan nee sas ae 
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a certain level of effort. This study did not attempt to ex- 
plore that question; however, future research in the area 
should consider the design of an appropriate statistical 
experiment to develop information to assist police de- 
partment commanders in allocating their investigative 
efforts. 


ON-SCENE PATROL ARRESTS 


An analysis of patrol arrests attests to the importance of 
the patrol function in dealing with crimes with unknown 
suspects. Of the 482 cleared cases, 127 were cleared due 
to an action initiated by some means other than radio 
call. As shown in table B-21, these 127 clearances in- 
cluded 116 arrests, 86 of which involved actual observa- 
tions by an officer in the field. Only 5 of these were 
arrests at the suspect’s residence. 

Table B-22 lists the type of cases in the 116 nonradio 
call arrests. One of the most significant aspects of this 
table is the “other crime” category. This category in- 
cludes a large number of narcotics offenses for which a 
specific category was not originally designated in data 
collection. Referring to table B—9, of the 112 cases in the 
“other” category, 76 were cleared. Thirty-nine of these 
resulted from nonradio call arrests. These represented 
almost 34 percent of all such arrests. Yet, the “other 
crime” category represents only 6 percent of all crimes. 
This result is primarily attributable to the high incidence 
of narcotics violations detected by field officers stopping 
vehicles for traffic violations or other suspicious activity. 

The officer dealing with these field observation situ- 
ations tends to rely considerably on the vehicle and war- 
rant check. Table B—23 indicates the use of this infor- 
mation in those cases in which the officer is making a field 
observation. He is especially concerned with information 
about what suspects and vehicles are wanted. 

Alarm data, although representing a small percentage 
of the cases, result in a reasonable probability of arrest 
by patrol officers. ‘Twenty-eight crime cases in this sam- 
ple had alarms involved, 19 of which were activated by 
the suspect, and 5 activated by the victim and 4 uniden- 
tified.” Of the 24 identified alarms, 7 arrests were made, 
all by patrol. However, where the suspect activated the 
alarm, only 4 out of 19 arrests were made; whereas where 
the victim activated the alarm, 3 out of 5 arrests were 
made. 


Table B-21.—Breakdown of Direct Observation 


Arrests 
Total cleared cases—No radioicall. 2026 sec een ete eee eens he 127 
NDMP CAIN AIT OSC oie cn ae ee oe eee ee cee nee ere 116 
Bi@ChuDS@lvatlOnssa-o esncoc cu cc sos peeeee ee be ace Lebeure. ceee ne ceaetenee 93 
O OI OSs cc cock eae cee eee needs meamtnesaee wens waeeenn wcee wh 
JAG Ch 1 Pie alee al is a ge Se ee eS ees See ae 86 
By Datroled oS s0on7 doses. se saos cane a eeneee e obec kk eee oe 83 
BY COtOCtlVG ab oe Se ee pen seid os Sows eee an soe eenaaee 
Breakdown of arrests: => 
ONISCONG 2 2e. Sos Sac bee ses se acbe cece ace sa ak ee od ese ee 42 
Vicinity é 
Residence. 
(Ee ee Se ne ee ee ee ee ee ey ee eee 
Unclear 


6In the other 38 cases with evidence at the scene, evidence may have been 
present indicating method of entry, stolen property, and other items listed in 


annex l. 


464-220 O- 72 - 8 


False alarms 


7 These were real alarms communicated to the dispatching center. 
were not collected here. 
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Table B—22.—Types of Crimes in Nonradio Call 


Arrests 

Number Percent 
Wilde eeseeaee ee ee ee ee eee 1 0.9 
Aggyavatedassaulta. 7 oo oe ae Ee 11 IS) 
EV NSS. Re CE ae 1 ae oe ee ee real Se 3 2.6 

GHGS BNupenenee =, gee Se ee nt a aes ae ee eee 0 0 
BUR SIENess eee ee, A a ees Pie 17 14.7 
ROB Renee 2a er eee OEE oe ee el ee 10 8.6 
Grand theft________ 4 3.4 
Petty theft..._____ 7 6.0 
Grand theft—Auto. 20 173 
Sipinlerassan tiiate de 15 Beers 3 5 oer gh ae Fe 2 7 

Worthless document 0 0 
Malicloitsimschtele<sse. . agen. TENET Bre Se 2 IL 7 
Cit jaa oe Se ee Se ne 2 ae aE 39 33.6 
UES ae oe i, a oe a 116 100.0 


Table B-23.—Supplementary Information Used in 
Field Arrests 


Query results Used 
Prior 
information 
Negative Positive 
Vehicle license check.._____-___.--_-_-__---- 7 19ig| oa ee 
WantiWarrantcneek.- 2-20-90) eos ooo 42 1 YE aa ya om Sel 
Wantedisiispectiieses iets ane F< el ee eee Os see 194 


1 Includes the 14 positive warrant checks. 
DISCUSSION OF RESULTS 


The results of the foregoing analysis imply two very 
significant operational recommendations. ‘The first re- 
gards preliminary investigation at the crime scene. We 
have noted that very little followup is undertaken by the 
detective force when there is little information about a 
given crime. ‘Thus the theft and the burglary tend to be 
ignored by the detective unless there is something very 
specific for him to investigate. One problem in these 
cases concerns the patrol officer who, in making the crime 
report, is expected to make a preliminary investigation at 
the crime scene. ‘Theoretically, he should make a check 
of the neighborhood to ascertain if any suspects or unfa- 
miliar vehicles were observed in the vicinity. Unfor- 
tunately, due to lack of manpower and other pressures, 
preliminary investigation at the scene is extremely limited 
under present operational practices. 

In discussing this requirement for increased preliminary 
investigation with command staff of police departments, 
it is not unusual to get the reaction that this investigative 
procedure is already in effect; in fact, the officers are 
trained to engage in such preliminary investigation. 
Nevertheless, the lack of patrol manpower prohibits the 
use of a field officer for that additional 30 to 40 minutes 
required at the scene of a crime, over and above the time 
spent in making the crime report. It is difficult to rec- 
ommend additional patrol officers because there is already 
a problem in recruiting qualified patrol staff. 

One possible solution to this shortage is to employ civil- 
ian personnel who are especially trained in investigative 
techniques but who do not require the operational train- 
ing and physical capability of the field officer. This 
civilian investigative force could be called to the scene of 


a crime by the field officer after he has determined that 
no operational danger is involved. 

The second operational recommendation concerns the 
present allocation of detective resources. In most de- 
partments the detective is used primarily as a followup in- 
vestigator, and for many classes of crimes this is quite an 
appropriate set of activities. It is clear from our studies, 
however, that in the type of crimes in which the suspect 
is unknown, such as burglaries and thefts, the major suc- 
cess in dealing with these crimes is in the on-scene arrest. 
Followup investigation is rarely successful in burglaries 
and thefts; yet, because of the volume of these cases, de- 
tective resources are heavily allocated to such followup 
investigation. Detective forces should thus consider em- 
ploying more field resources for dealing with that type of 
case. 

This tactical detective force must not be saddled with 
the time-consuming, routine tasks required by followup 
investigation, such as processing prisoners, answering 
phone calls and making field investigation reports. We 
are not recommending here that we add more resources 
to the patrol force which would be responsive to calls for 
service; rather, we are stressing the use of a tactical squad 
with the specific responsibility of apprehending burglars 
and thieves in the vicinity of the crime being committed. 

One final recommendation in the area of investigating 
crime: We have seen that in a significant number of 
burglaries, latent prints are left at the scene. In the pres- 
ent state of the fingerprint processing art, latent prints 
are more apt to be used in linking a specific suspect al- 
ready known to the police, than as a means of finding 
possible suspects for the crime. Certainly the inability 
to search the entire fingerprint file on a single-finger basis 
definitely impedes the use of the fingerprint as an investi- 
gative device. The present clearance is less than 12 per- 
cent in these unknown suspect cases. Our study indicates 
that at the present time the existence of a latent finger- 
print search capability might significantly improve the 
clearance rate in burglaries and thefts. Such a capability 
should be developed. 


CONCLUSIONS AND RECOMMENDATIONS 


This section reiterates some of the conclusions resulting 
from analysis of the Los Angeles Police Department data, 
and expands on two particular recommendations for fur- 
ther research effort. 


CONCLUSIONS 
Response Time 


The data collected on the response time in dispatching 
field units appears to support the hypothesis that faster 
response time leads to more arrests. The present manual 
method of dispatching for emergency calls still requires 
1 to 2 minutes in the communications center, with an 
additional 3 to 5 minutes field response. The field 
response time is minimized if the closest available unit 


responds. More automated command and control SyS- 
tems can reduce the overall response time. 


Criteria for Priority Call Assignments 


The study of cleared and uncleared crimes related to 
radio calls indicates a possible area for improvements in 
crime prevention and case clearance. This would in- 
volve higher priority assignment for a selected number of 
suspect-on-scene or possible crime calls not presently 
given emergency status. A specific recommendation for 
research in this area is provided in the next section. 


Improving Clearance of Cases with Unnamed Suspects 


The data indicate that the clearance rate of cases with 
unnamed suspects is very low. Of 1,556 crimes in that 
category, only 181 were cleared. It was noted that few 
followups were made by detectives in these cases, pri- 
marily because of lack of information to initiate any in- 
vestigation. Furthermore, most of the 181 clearances re- 
sulted from on-scene arrests stimulated by radio call or 
field officer observations. 

Two conclusions about improving clearance of un- 
named suspect cases follow. First, more preliminary in- 
vestigation at the scene is required. Because patrol re- 
sources are scarce, a civilian preliminary investigative 
squad is recommended to serve this function. 

Second, the reallocation of some followup investigators 
to a tactical force operating specifically against burglaries 
and thefts would seem to be desirable. 


Latent Fingerprint Search Capability 


In an estimated 2,500 burglaries per year in the city 
of Los Angeles, fingerprints are left at the scene. The 
prints are not now very useful for finding suspects, al- 
though they do serve a corroborative function where the 
suspect is known. A latent fingerprint search capability 
would provide solutions to some indeterminate propor- 
tion of these cases, depending on the availability of an 
adequately complete base of fingerprint records and the 
extent to which burglars take countermeasures, such as 
wearing gloves. If one were to attribute a value to 
solution of only $400, the average value of property 
taken, and if the police could solve half of these cases 
by fingerprint search, the benefits of solution would total 
$500,000 per year in the city of Los Angeles alone. Con- 
sidering all the other metropolitan areas, adequate bene- 
fits should be derived to justify development of a latent 
print system. 


RECOMMENDATIONS FOR FURTHER RESEARCH 
Methods for Improving Police Effectiveness 

The work described in this appendix could only 
begin to explore the characteristics of calls for service, 


crimes and arrests, and the patrol and investigative prac- 
tices in dealing with these problems. The research was 
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hampered by the fact that much of the needed informa- 
tion was not available in any accessible form. This is 
understandable, of course, since the information available 
in the police department is collected for current opera- 


‘tional reasons, rather than to satisfy research objectives. 


Yet, such research on police operations is sorely needed. 

Police practitioners generally operate on several opera- 
tional hypotheses about what makes for effective police- 
work. The researchers involved in this study have also 
developed some hypotheses based on a different orienta- 
tion to policework. But few of these hypotheses can 
really be validated with the existing level of information 
available. Furthermore, many of the crucial operational 
issues are decided on intuitive grounds which may or may 
not reflect the actual situation. 

What is needed, therefore, is a fundamental research 
and analysis program over a several year time period in 
one or more large metropolitan police departments. This 
program would attempt to explore in more detail the 
characteristics of crime, arrests, and field and investiga- 
tive practices that were just explored in a preliminary 
manner in this study. Special data collection methods 
would have to be developed in order to obtain information 
on field practices without unduly influencing the practices 
by the fact that observations were being conducted. New 
methods of recording information specifically for the re- 
search studies would have to be employed and there 
would be some additional collection required on the part 
of a sample of patrol and detective officers. 

This study would have to be of an iterative nature. 
It would begin with a series of hypotheses based on the 
results of this study, and for which data would be spe- 
cifically collected. As analysis is undertaken, new 
hypotheses would be developed and would also have to be 
tested and special data collected for those purposes. It is 
clear that studies of this kind in various departments are 
essential if the police are to gain their factually supported 
understanding of ways to improve effectiveness. 


Criteria for Emergency Dispatching 


One specific area of research uncovered by this present 
study is the need to reexamine criteria for priority 
dispatching. A specific program is recommended with 
two basic objectives: (a) To evaluate the present prior- 
ity call assignments and criteria used in making them; 
and (b) to develop new criteria and test them under 
operational conditions. 

The concept upon which this research is based is 
shown in figure B—4. All calls for service are represented 
by the overall square. Within that square is an oval- 
shaped area representing all crimes. Another smaller 
oval-shaped area represents events in progress at the time 
the call for service is made. This area overlaps with the 
crime area so that some of the crime calls are events in 
progress, but the majority of them are “take report” calls 
for crimes which have already occurred. 

The present priority assignment for emergency calls is 
represented by the circle. Some noncrime events in prog- 
ress are included, as well as some calls which are neither 
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FIGURE B-4. PRIORITY DISPATCHING CRITERIA 


ALL CRIMES 


ALL CALLS 


EMERGENCY 
CALLS 


ALL EVENTS IN 
PROGRESS 


DESIRED PRIORITY ? 


Crimes in Progress - Present Emergency Calls Criteria 


VWZZZA, Crimes in Progress - Present Nonemergency Call Criteria 


crimes nor events in progress. The “emergency calls” also 
include some crimes which have actually been completed 
at the time the call is received in the communications 
center. 

Some events in progress are not actually considered 
potential crimes requiring rapid response at the time the 
call is received. This occurs for two reasons. In some 
cases, between the time the call is received and the offi- 
cer’s arrival at the scene, the situation has escalated to 
the point where a crime has occurred. In other cases, 
the information received by telephone is just not sufficient 
to make an accurate judgment. Obviously, if the com- 
munications center knew which calls fit into which 
categories in advance, it could make perfect priority 
assignment. The problem, of course, is that from the 
standpoint of the communications center, the situation 
in the field is not always clear. 

At the present time there is a series of criteria which 
are used to assign priority to a call. The present study 
indicates that this priority may possibly be improved. To 
do this, we must evaluate the existing criteria in terms 
of actual cases. The steps required are: 


(1) Determine the distinguishing characteristics 
of events in progress, as viewed from the communi- 
cations center; 


(2) Determine how many cases are actually events 
in progress ; 

(3) Evaluate what proportion of these escalate 
into crimes which would be preventable by rapid 
response ; 


(4) Evaluate what proportion are presently con- 
sidered priority calls; and 


(5) Determine the distinguishing characteristics 
of these escalatable events as seen from the com- 
munications center. 


Having completed these steps, it would then be possible 
to develop and test new sets of criteria and see if they 
improve performance. A necessary requirement to ac- 
complish this type of evaluation and testing is an audit of 
the present results of dispatching. This audit requires an 
evaluation of response time from receipt of a call to 
arrival at the scene, and a careful evaluation of the 
results of the field activity: Whether it involved preven- 
tive action, arrest or other clearance methods. Once the 
data collection techniques for such an audit are designed, 
they should be used to compare the present criteria and 
any new criteria that may be developed. 

Specific tasks required for this research program in- 
clude the following. It will first be necessary to monitor 
calls for service, preferably through recordings, to develop 


-a taxonomy of characteristics which can be used for mes- 


sage content analysis. Patrol responses to calls would 
also be studied in a balanced sample in order to construct 
a similar taxonomy for those activities. 

The next task would be to sample a new set of incom- 
ing calls and follow them through to activities in the 
field. For this, it would be necessary for the patrol officer 
to make careful recording of his receipt of call and arrival 
times. This could be simplified by the use of dictation 
equipment. 

After this information is collected we would then be in 
a position to collate the communications characteristics 
with the field situations. The present priority call assign- 
ment criteria could then be analyzed and evaluated and 
the results of field activity evaluated as well. We would 
then be in a position to design a new set of dispatching 
criteria and test these criteria under operational condi- 
tions with the same methods used to test the present sys- 
tem. This would lead to an evaluation of the new cri- 
teria. At this point we would probably want to iterate 
on our design concepts and test once more before making 
the final recommendations. 
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ANNEX 1: CODING FORM FOR LOS ANGELES POLICE DEPARTMENT APPREHENSION STUDY 


COMMUNICATIONS AND DAILY FIELD 


ACTIVITY REPORT DATA 


Column 


DIVISION: __ | DAY OF MONTH (1-31) __ | SEQUENCE _- 


1-6 


TYPE OF TICKET Blue/code 2 
1 


3 White 
3) White/code 3 


| 


( 


TYPE OF CALL 0) Suspect on scene 


i 

() pushes just left 
(2) Take report 

(3) Possible crime 


TIMES: ORIGINATED ______ : _____ | DISHATGHED) 222 ce2 f coen ne 


UNIT ASSIGNMENTS (0) Single time stamp 


$3 puuple stamping 
0 & ode 1 
£3 qeoes delay 

ot available 


DIFFERENT UNIT ASSIGNED (0) No 
(1) Yes—by communication 


(2) Yes—unit request to handle 
TIMES : FIRST RESPONSE ______ CLEARED 


TYPE OF RESPONSE 


(0) Code 4 


ih } Code 6 

2) Request further information 
(3) Broadcast information 

(4) Other request 

(5) Clear 


CRIME REPORTED 8 No 
(1) Yes—radio call 
(2) Yes—other 


21-25 
___26-30 


TIMING OF ARRIVAL (0) Suspect on scene 
(1) Suspect GOA 


(2) Take report only 


DR# 
RESPONSE TO CITIZEN 


(0) No 

(1) Not shown 
(2) Victim 
(3) Witness 


OBSERVED BY UNIT % No 
(1) Not shown 
(2) From vehicle 
4 Out of vehicle 
On foot 


WHAT OBSERVED (0) Crime 
$3 Suspect 


2) Vehicle 


(0) No 
(1) Not shown 
(2) Yes—Negative 
(3) Yes—Positive 
pa og eS a ee Se ee eee 
WARRANT/WANT CHECK (0) No 
f ff Not shown 
(2) Yes—Negative 
(3) Yes—Positive 
ee ee ee 
D SUSPECT (0) No 
me 1) Not shown 
3 Current crime 
3) Previous crime 


LICENSE CHECK 


1) Not shown 
2) Yes—license 
(3) Yes—identifiers 
(4) Yes—both 
ice el ee ee SS 
TIMES FROM DAILY FIELD 


ACTIVITY REPORT: 
BEGIN END c2s--sc5-2=5 


WANTED VEHICLE No 


36 


37 


38 


39 


CRIME, FOLLOW-UP REPORT, ARREST DATA 


DATE AND TIME OF PRIOR CRIME: 


ARREST MADE 


CHARGE 


WHERE 


DATE OF ARREST 


TIME OF ARREST 
PRIOR INFORMATION 


f) fe 

By patrol 
2) By detective 
(3) Not shown 


Column 


51 


(0) This DR 
(1) Other DR this series 
(2) Other charge 


52 


(0) On scene 

(1) Vicinity (current) 
(2) Residence 

(3) Other 

(4) Unclear 


54-59 


(0) No 

(1) Not shown 

(2) Specific premises 
(3) General area 


SOURCE OF INFORMATION 


TYPE OF CRIME 


(0) Not shown 

(1) Department briefings 
(2) Communications 

(3) Informer 


60-64 


65 


66 


| | 
(0) Murder 
(1) Aggravated assault 
(2) Rape 

(3) other sex offense 
(4) Burgl su 

(5) Robbe 

(6) eral theft 

(7) ae] theft 

(8) GTA 


(9) Simple assault 
(10) Worthless document 
(11) Malicious mischief 
(12) Other 


FORCE OF FEAR INVOLVED 


(0) No 
(1) Yes 


67-72 


73 


VICTIM ASSAULTED PHYSICALLY 


SUSPECT WEAPON INVOLVED 


(0) No 

(1) Yes—uninjured 
(2) Injured 

(3) Fatal 


74 


(0) No 
(1) Yes—unseen 
(2) Yes—seen 


TYPE OF WEAPON 


75 


(0) Hand gun 

(1) Other gun 

(2) Knife 

(3) Other sharp instrument 
34 Blunt instrument 

(5) Other 


76 


PHYSICAL FORCE INVOLVED 


SPECIFIC THREAT INVOLVED 


(0) No 
(1) Yes 


77 


(0) No 

(1) Yes—victim 
(2) Victim's family 
(3) Other 


78 
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Keypunch Ident Number +9 


ATTEMPT TO TAKE PROPERTY 


DOLLAR VALUE REPORTED_______ 
TRANS PORTABLE 


(0) No 
(1) Successful 
(2) Unsuccessful 


Column 
1-7 


(6 figures to nearest dollar) 


(0) On person 
(1) Carry 
(2) Support needed 


CHARACTER OF ITEM 


(0) Negotiable 
(1) Fenceable 
(2) Possible personal use 


CRIME INSIDE BUILDING 


TYPE OF BUILDING 


(0) No 
(1) Yes 


(0) Residence 
(1) Nonresidence 


TYPE OF RESIDENCE 


TYPE OF NONRESIDENCE 


ACCESS TO CRIME SCENE 


ENTRY METHOD IF ILLEGAL 


OCCUPIED AT TIME OF CRIME 


(0) Single family 
(1) Apartment 
(2) Hotel-motel 
(3) Garage or shed 


(0) Market 

(1) Liquor store 

(2) Other retail 

(3) Service station 

(4) Financial institution 
(5) Business office 

£8 Nonretail commercial 
7) Hotel-motel 

(8) Bar-cafe 

(9) Other 


(0) Building secure 

(1) Open access area 

(2) Open building, secure room 
(3) Open access to room 


8 
@) su petugs 


(0) No 
(1) Yes—aware of crime 
(2) Yes—unaware 


Force 
Uninvited 


PREMISES ALARMED 


HOW ACTIVATED 


HOW SERVICED 


CRIME IN STREET 


CRIME IN VEHICLE 


TYPE OF VEHICLE 


(0) No 

1) Not shown 
2) Audible 
3) Silent 


(0) By occupant 

3 By suspect 

2) Deactivated by suspect 
(3) Not activated 

0) By company 

{3 By police 

(2) By victim 


{9 No 
(1) Public street 
Alley 


a Private grounds 
8 Publicly accessible area 
(5) Other 


(0) No 
(1) Yes 


(0) Suspect’s 

(1) Commercial 

(2) Common carrier 
(3) Victim—personal 


ATTEMPT TO SEXUALLY ASSAULT 
VICTIM 


PRIOR RELATIONSHIP WITH SUS- 
PECT 


(0) No 

1) Yes—unsuccessful 
2) Successful 
(3) Possible intent 
(0) No 

(1) Yes 


INITIAL CONTACT WITH VICTIM’S (0) 
CONSENT () 


ACT WITH VICTIM’S CONSENT 


No 
Yes 


(0) No 
(1) Age under 14 
(2) Age 14 to 18 


23 


24 


25 


26 


27 


28 


29 


30 


Column 
VICTIM CAPABLE OF CONSENT (9) Ho inconisylols 34 
(2) Yes 
ABERRANT SEX ACT My No 35 
Ss 
OTHER SEXUAL OFFENSE {0 No, 36 
2) 288A 
3» 311 
4) 647 
5) Other 
SUSPECT SEEN & No he 37 
y victim 
(2) By witness 
(3) Both 
SUSPECT NAMED (0) No 38 
% Yes—unconfirmed 
(2) Yes—confirmed 
(3) Partial or nickname 
SUSPECT DESCRIBED My No 39 
es 
SEX (9) No 40 
1) Yes 
RACE (0 No 41 
1) Yes 
AGE (0) No 42 
(1) Yes 
HEIGHT (0) No 43 
(1) Yes 
WEIGHT (0) No 44 
(1) Yes 
HAIR (0) No 45 
(1) Yes 
EYES (0) No 46 
(1) Yes 
COMPLEXION (0) No rag. 
(1) Yes 
CLOTHING (0) No 48 
(1) Yes 
MANNER OF SPEECH (0) No 49 
(1) Yes 
MARKS/SCARS (0) No 50 
* (1) Yes 
OTHER IDENTIFIERS (0) No > ilies 51 
(1) Yes 
PHYSICAL EVIDENCE REPORTED (9 No ee a 52 
€s—none booke: 
8 Yes—booked 
TECHNICAL SPECIALIST 
CONTACTED Ho, a 
PRINTS AT SCENE (© No een 
(1) Yes 
EVIDENCE OF ENTRY 0 No Poa ge 
es 
EVIDENCE OF WEAPONS i) No be as ‘he 
€s—Dallistics 
% Yes—no ballistics 
a ee ee ae 
EVIDENCE OF STOLEN PROPERTY (0) No 57 
(1) Yes 
OTHER EVIDENCE (0 No ~— 
(1) Yes 
eo a a ii 
es 
% Victim's vehicle 
VEHICLE SEEN (0) No ay mee 
(1) Yes | 
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Column 
LICENSE (0) No a 
(1) Yes 
(2) Partial 
MAKE (0) No 
(1) Yes M2 
MODEL (0) No 63 
(1) Yes 
YEAR (0) No 4 
M Yes . 
COLOR (0) No 65 
(1) Yes 
SPECIAL IDENTIFIERS No 66 
(1) Yes 
FOLLOWUP REPORT MADE (0) No ; 67 
3) Yes 
SUSPECT NAMED IN FOLLOWUP (0) No 68 
INVESTIGATION (1) Yes 
(2) Yes—method not shown 
(3) Yes—different from C.R. 
BY PHOTO IDENTIFICATION (0) No 69 
(1) Yes 
MODUS OPERANDI ni No 70 
1) Yes 


Column 
STOLEN PROPERTY (0) No 71 
(1) Yes 
WEAPON (0) No 72 
(1) Yes 
VEHICLE (0) No 73 
(1) Yes 
INTERROGATION OF ARRESTEE (0) No 74 
(1) Yes 
OTHER (0) No 75 
(1) Yes 
CLEARED BY ARREST (0) No 76 
(1) Yes—filing 
(2) Yes—other 
OTHER CLEARANCE an No 77 
Y Juvenile ; 
2) Prosecutor chooses not to file 
(3) Victim refuses 
(4) No crime 
(5) Other 
NUMBER OF SUSPECTS ARRESTED 78 
NUMBER OF DR’S CLEARED 79-80 


ANNEX 2: DEFINITIONS, MEANINGS, AND CATEGORIZATIONS 


1. If no actual arrest was made, the case was not 
coded as cleared by arrest, even if the investigator’s 
followup listed the case as cleared by arrest. In those 
cases, the “other clearance” box was checked by our data 
collectors. This was especially important in cases where 
a warrant was issued but the arrest had not been actually 
consummated at the time of our study. 


2. Some followups were found in the file which did not 
indicate any actual investigative action by the detective, 
but merely reported supplemental information provided 
by the victim; e.g., adding a serial number for a stolen 
television, or providing a list of additional property stolen 
and its value. In those cases the officers were instructed 
to ignore that followup report, thus limiting the followup 
report category to actual investigative action taken. 


3. It was established that the department’s policy was 
automatically to file for a complaint whenever a misde- 
meanor arrest was made. Hence, a misdemeanor arrest 


always resulted in a “yes-filing” category in the cleared- 
by-arrest item. 


4. Where no arrest was made, no case was actually 
counted as cleared in the “No. of DR’s cleared” item, 
even though there may have been some other method of 
clearance. Discrepancies in counting can be 


better ac- 


commodated by keeping the “other clearances” separate 
from the arrests. 


5. In theft from automobile the dollar value of the 
property was often missing in the crime report. We es- 
tablished the policy that the coding officer would estimate 
that value. 


6. Grand theft—Auto was not coded as a crime in 
vehicle nor a crime in the street. It was coded as an 
attempt to take property; however, the dollar value was 
omitted. Burglary or theft from an automobile was 
coded as crime in vehicle. 


7. Even in cases where no crime was reported, the 
officers attempted to fill in the category “timing of ar- 
rival,” indicating whether, when the field officer arrived, 
the suspect was on the scene, etc. 


8. Worthless document or fraud were not coded as at- 
tempts to take property. However, some errors in coding 
this category are expected. 


9. It was noted that grand theft in California is usually 
of property with value greater than $200. Some cases, 
however, may involve less than that amount, particularly 
if guns, citrus fruit, or certain animals are stolen. 
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10. In considering the source of prior information, the 
category informer” was used to designate a witness as 
well as a specific informer for the police department. 


11. If a suspect was named in the crime report but was 
not named in the followup, the implication is that there 
was no evidence to connect that suspect to the crime. 


12. In examining the method of naming the suspect in 
the followup investigation, provision was made for photo 
identification as a specific category. However, identifi- 
cation through observation by victim or witness was coded 
as “other” because of the lack of an appropriate category. 
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FINGERPRINT CLASSIFICATION 
by Thomas C. Bartee 
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The Fingerprint Classification Techniques Study 


THE PROBLEMS 


The uniqueness of fingerprints as a method of identi- 
fication has led to their widespread use and to large collec- 
tions of fingerprints being stored at city, State, and na- 
tional levels. This considerable use of fingerprints for 
identification has led to several problems in maintaining 
and searching the large files. Also, the present systems 
have a basic limitation of not being able to locate a 
suspect on the basis of fingerprints left at a crime from 
any but a small subset of the total prints now on record. 

As an example of the magnitude of the present problem, 
let us consider the largest single collection of fingerprints 
now in existence, which is maintained by the FBI in 
Washington, D.C. The FBI files now contain about 16 
million sets of different criminal prints plus about 62 mil- 
lion different Civil Service and Armed Forces prints. 
Many persons have several sets of fingerprints in these 
files so that the total number of fingerprint cards now in 
the files exceeds 179 million. Each day the FBI receives 
about 30,000 sets of fingerprints to be processed, of which 
approximately 10,000 sets are based on arrest. Most 
of the remaining prints relate to national security, being 
used for identification of Government employees and for 
checking to see if persons who will be employed in secu- 
rity positions have arrest records. The FBI employs 
about 1,100 personnel to process these daily demands for 
identification, add new prints to the file and delete old 
prints. 

Given a set of fingerprints which are to be searched 
against the criminal file to see if the person owning the 
prints has a prior criminal record, some system is needed 
whereby the total number of cards to be examined by 
visual inspection can be limited to relatively few. This 
is the problem of fingerprint classification. The system 
which has been and is most used was basically set down 
by Sir Edward Richard Henry in about 1903. This sys- 


tem has been subsequently modified to meet particular de- 
mands but remains the fundamental technique for fin- 
gerprint classification. 

The Henry system is that primarily used by the FBI. 
New York State, for instance, uses what is called the 
American system? which differs only in detail from the 
Henry system. In any fingerprint system, whether man- 
ual, semiautomatic, or automatic, the classification system 
is of primary importance, for it is the classification sys- 
tem which determines the extent and the efficiency of the 
search process. 

The most significant aspect of the present search pro- 
cedures lies in the fact that one must have 10 ordered 
fingerprints in order to use the present classification sys- 
tem. This is to say that in order to enter the files, using 
the classification formula now in use, one must have a 
full set of 10 fingers. An immediate drawback to this 
system can be readily seen. When fingerprints are in- 


-advertently left by a criminal at a crime, only one or per- 


haps several prints may be available to law enforcement 
officers. Using the present system, there is, therefore, no 
means of directly entering the files to search for prints 
of this type. In order to get around this problem, some 
city, State, and Federal agencies have, in addition to their 
large files, small files called “latent files” classifed so that 
it is possible to search them on a finger-by-finger basis. 
The mechanics of this search are of course different from 
that of the 10-finger search and the actual categorization 
of latent prints depends a great deal upon the ability of 
certain fingerprint experts both to work with and extrap- 
olate data from the latent prints (which are liable to 
be quite poor) and to manipulate the latent print files. 
As a result, latent print files tend to be very small, gen- 
erally containing only a few thousand prints. For both 
Federal and State agencies, the latent print files will con- 
tain only the fingerprints of criminals who are particu- 
larly likely to be involved in certain kinds of crimes, and 


i i i i ion.” Department 
1 ‘American System of Fingerprint Classification.’”” New York State p 
of Correction, Division of Identification, Albany, N.Y., 1963. 
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prints are added to these files as a result of experience 
on the part of the law enforcement officers involved. 

It should be noted that very little statistical data 
of substance concerning the use of latent prints ap- 
pears to be presently available.? As a result, latent prints 
are not widely used in attempting to identify criminals 
and are more widely used to confirm identification or to 
eliminate suspects. In each of these cases, the compari- 
son can be made directly from the prints of suspects 
rather than by searching a file. 

Probably the most significant contribution which could 
be made in the fingerprinting science would be that of 
giving to law enforcement agencies the ability to search 
fingerprint files for latent prints. It is difficult to esti- 
mate the magnitude of this contribution for we have no 
Statistics on what the yield would be in terms of total 
number of crimes solved each year nor in terms of the 
amount of effort on the part of law enforcement agencies 
which would be saved due to use of fingerprint in- 
formation for identification rather than other techniques. 
One difficulty in making such an estimate is the fact that 
law enforcement agencies are aware of the deficiencies of 
the present system, and as a result rarely attempt to make 
identification by means of latent prints. As an estimate 
of complexity of this problem, let us note that the latent 
print files only range from about 1,000 to 30,000 indi- 
viduals for the larger identification agencies while their 
main fingerprint files generally number in the millions. 

Secondary advantages primarily would involve more 
efficient processing of fingerprint cards in terms of. eco- 
nomics and total number of people involved. Also, if 
fingerprint files were automated in an adequate manner, 
it might be possible to expand the size of the files which 
are maintained and searched. 

Some explanation of the latter statement is perhaps in 
order. Let us again use the FBI files as’ an example. 
When a defense agency or a government contractor sends 
a fingerprint card to the FBI for security clearance, 
the prints on this card are searched against the arrest 
file. If the person involved has not committed a crim- 
inal offense, this is recorded and the fingerprint card is 
returned to the submitting agency. Fingerprint cards 
from defense contractors are not maintained in the FBI 
file, but are simply processed and returned to the con- 
tributing agency. This is done in order to keep the files 
to a reasonable size. 

It is clear that in order to handle latent prints, a dif- 
ferent classification system must be used for entering the 
files. However, because of the magnitude of the search 
procedure, regardless of the classification technique used, 
it appears that some degree of automatic search would 
be necessary. This means that to handle latent finger- 
prints with large files, it will be necessary to use digital 
data processing equipment at least to aid in the search. 
The question then arises as to the degree of automaticity 
which should be implemented. 

There are several levels at which computer systems 
might be used in automating the present fingerprint files 


2.New York City has been doing some interesting work on fingerprints includ. 
ing the use of a substantial latent print file. Their data indicate an 8 percent 


for both State and Federal agencies. Several of these 


are: 

(1) Completely Automatic Systems.—These are 
systems which would scan fingerprint cards auto- 
matically, classify them using a general purpose 
digital computer, search a file of prints, locating and 
finally correlating a card in the file being searched 
with the incoming fingerprints. Such a system would 
automatically process cards without human inter- 
vention. 

(2) Semiautomatic System.—The process of pat- 
tern recognition and classification using electronic 
scanners could be supplemented by human interven- 
tion, that is, by using trained technicians to scan the 
prints either in their present form or by means of 
some pictorial display, classify the gross patterns, 
locate such critical points as the core and delta of a 
print, and identify such minutiae as islands, short 
ridges, bifurcations, and other fingerprint details 
which are useful in classifying particular prints. The 
system might be automatic from that point or might 
ask for further participation by an operator in case 
the computer located a number of cards and was not 
able uniquely to select the proper match from among 
these cards. Trained technicians could then scan 
the cards selected by the computer. 

(3) Computer-Aided Search—This type of sys- 
tem is the only one which has been used to date. Hu- 
mans perform the entire classification process and 
also enter any pertinent facts, such as age or sex, on 
the cards. The computer is used to facilitate the 
search of the files for cards of specified classifica- 
tion and to deliver candidate cards to the operator 
for manual search. The primary function of the 
computer is bookkeeping, which it accomplishes by 
making records neater and simpler, by shortening 
and making more efficient the process of searching 
the files. Fingerprint experts are needed for both the 
classification and final comparisons. 


The relative success of any of these systems is contin- 
gent upon the efficacy of the classification system. In 
order to automate a system satisfactorily, one must not 
only know the general details of what must be done, but 
the algorithms which are used for searching and classi- 
fying must be well defined before the system can be satis- 
factorily put into operation. It is therefore necessary to 
investigate further the present classification system both 
with a viewpoint toward implementation for the 10- 
finger system and with a viewpoint toward extending 
the ability to recover latent prints. 

Since several books have been written describing the 
present classification system and details have been pub- 
lished in several reports, it will be our purpose here only 
to comment briefly upon the use of the Henry system with 
its modifications in locating prints in the 10-finger file 
and on the use of a system of this type in attempting to 
locate latent prints in a large file. 


In short, the present day systems use information con- 
cerning left or right hand, finger positions, basic finger- 


yield on workable prints, which seems remarkably high compared to other reports 


= otintpen rhe ae ies 
which is used to locat se _ area ee 
category is derived fro jose mi ee * e Set pi 
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process, the formula is segmented into pri- 
mary, secondary, subsecondary, final, and extension parts, 
but these are subservient to the principal formula. Addi- 
tional information such as sex and age 1s sometimes used 
to narrow the search. Despite the work that has been 
done, the large number of prints on file causes this sys- 
tem to locate not specific cards, but rather large sets of 
cards in the file. 

As an example of the problems which one finds when 
a specific classification system is used to implement a 
search, about 65 percent of all fingerprints are loops and 
about 60 percent of all fingerprints are ulnar loops, so that 
when the first step in the Henry procedure is followed, we 
find that in the single classification of 10 ulnar loops on 
both hands, approximately 800,000 of the 16 million ar- 
rest prints now on file fall into one category and this 
comprises 5 percent of the total file. This should make 
it evident that knowledge of the statistics of fingerprint 
patterns 1s necessary in addition to general knowledge con- 
cerning the patterns in order for a filing system to be effi- 
cient, and strongly indicates that statistical studies of any 
improved classification system must be made before such 
a system could be safely implemented. 

Concerning latent prints, the problem of narrowing 
down the search becomes far more difficult, for less data 
is presented to the system user and a great deal of re- 
dundant data must be contained in the file in order to 
limit the search sufficiently for sets of latent prints 
which contain perhaps one or two fingers. Asan example 
of the severity of this problem, a New York State Identi- 
fication and Intelligence System Report * indicates that, 
given two fingerprints both on the right hand, one of 
which is from the index finger and is an ulnar loop with 
a ridge count of nine, and the other from the right middle 
finger with an ulnar loop with a ridge count of 12, a list of 
1 million cards would produce 45,000 candidate prints 
based on this information alone. Further, if only the right 
middle finger were obtained, 370,000 prints would be 
selected from a file of 1 million. 

In order, therefore, to implement a latent print search 
procedure, we must have information in addition to that 
which is commonly used in the Henry system. Fortu- 
nately, such information is available in prints, consisting 
of what are called the minutiae: The bifurcations, islands, 
ridge endings, divergences, and the positions and orienta- 
tions of such ridge features in relation to each 
other. Such a categorization would depend upon the 
establishment of a coordinate system probably based 
upon the core and delta of each fingerprint. The pos- 
sibility of implementing a large file using data of this sort 
seems quite hopeful and it is recommended that studies 
in this area be undertaken at this time. The following 
sections give a more detailed plan of attack. 


, i ie. “NYSIIS 
3 Kingston, C. R., P. D. McCann, C. E. Robinson, D. D. Rudie. 
ator Classification and Identification System. Status Report, October 
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The United Kingdom now uses a computer to facilitate their fingerprint filing 
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RECOMMENDATIONS 


Our major recommendation is that research should 
be sponsored into the use of electronic data processing 
equipment to process fingerprint data. A study should 
be initiated immediately on classification techniques. 
This study should gather information on the statistical 
distribution of fingerprints according to the various cri- 
teria now being considered. The study should investi- 
gate the distributions within categories (for instance, the 
variations in ridge counts from core to delta for ulnar 
loops). Ultimately, a search procedure should be estab- 
lished based on the data gathered. Correlation tech- 
niques for searching the files should also be investigated. 

Particular experimental work should support the the- 
oretical studies. For instance, since actual statistics will 
be required on fingerprint characteristics in order to eval- 
uate classification techniques, a small model of an actual 
system should be put in operation in order to obtain the 
necessary data. These data would also provide operating 
statistics which would aid in the design of the system. 

With the cooperation of law enforcement agen- 
cies, the gains to be accrued from an ability to efficiently 
search large files of fingerprints should be assessed. From 
the data collected, estimates should be developed of such 
factors as the number of additional criminals that might 
be apprehended if latent prints were used, savings in 
police effort which would result, benefits of a nonauto- 
matic 10-finger system, etc. 

The studies should be coordinated with State and 
Federal agencies. Several State agencies have initiated 
work in this area, the FBI has collected some proposals, 
and several companies have invested modest amounts of 
money in research efforts. The present level of sup- 
port is almost certainly below a critical threshold, so addi- 
tional Government support should be committed. The 
problem of State and Federal support and the role of 
loca! and Federal agencies also needs to be reconciled. 


DISCUSSION OF RECOMMENDATIONS 


Our major recommendation indicates that computer 
technology can alleviate the present fingerprint process- 
sing problem. There are a few characteristics of the 
proposed system which bear examination at this point. 
It appears that an initial system must be semiautomatic. 
The problem of reading from fingerprint cards or films 
using present day techniques and then categorizing the 
fingerprints completely automatically probably exceeds 
the capability of our present technology. Pattern recog- 
nition has been a difficult field and the type of pattern 
recognition called for in processing fingerprint data is 
particularly difficult. While the computer may be of 
significant assistance in locating points, making measure- 
ments, or facilitating the assigning of descriptors to prints, 
it does not appear feasible at this time to make the system 
completely automatic.* 

A semiautomatic system has a great many advantages. 
There are no immediate problems in implementing such 


operations, but their delegate at an Interpol Conference stated it did not appear 
possible at present to operate without operator intervention. Also, the other dele- 
gates agreed that the major problem at present lay in the coding or classification, 
whether one considered 10 fingers or latent searches 
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a system and it is clear that such a system will work at 
least as well as present systems. 

Our belief is that the system should not only be semi- 
automatic in that operators at consoles are presented with 
fingerprint data which they then classify, but also that 
there be some interaction between the computer and the 
operator, so the computer can call for additional infor- 
mation when it is needed to facilitate the search process. 
The reason for this is that the additional information 
which is called for in order to locate the given set of prints 
in the file varies according to the characteristics of the 
print or prints being examined. If the initial data in- 
serted into the informal retrieval system is sufficient to 
partition the data bank into a very small set of cards, then 
very little and simple additional information will be 
required to make a unique identification of a set of prints. 
If, however, the initial data presented results in a parti- 
tion of the file such that the number of cards to be ex- 
amined is quite large, not only will more specific informa- 
tion need to be inserted to give a unique identification, but 
also the type of information which is needed may be dif- 
ferent from that in the preceding case. By allowing this 
interaction between operator and computer both the 
efficiency and the efficacy of the system should be signif- 
icantly improved. 

The semiautomatic system would be particularly ap- 
propriate for the processing of latent prints because of the 
need for an operator to extract meaningful data from 
smudged or incomplete prints. 

With regard to the computer itself, there have been 
various estimates as to the computational power neces- 
sary. However, if the system is semiautomatic and the 
computer is not called upon to do pattern recognition of 
the prints, the computing load appears to be quite modest 
from a speed viewpoint, and an intermediate size digital 
computer can be used without difficulty. On the other 
hand, a large number of external storage devices are re- 
quired to store the actual data. Fortunately, the price 
of external storage is low and becoming lower almost 
daily, and such bulk storage devices as magnetic tape, 
SCRAM, data cells, and many other devices will provide 
adequate storage at a quite modest price. 

In addition to this, there is the problem of storing the 
actual prints and records of the system, and this seems best 
accomplished by means of photographic film, which is 
an efficient way to store high information content data. 
Again, the price is quite modest and by using film records 
of this sort the total volume of the stored data will be 
significantly reduced. For example the FBI file, which 
now requires a multistory building, could be reduced to 
perhaps two rooms for the data processing complex. 

Display devices do not appear to be any particular 
problem at the present. We ask only that the prints be 
displayed for an operator who then introduces classifica- 
tion data into the system by identifying points using a 
light pen, a keyboard, or some other manual means. 
Entering of data can be supplemented by the computer 
and console working together. For instance, the 
distance from core to delta or the number of ridges from 
core to delta can be easily calculated by a console plus 


computer, once the core and delta have been piste 
by an operator. This leaves the operator free to make the 
more difficult decisions such as identification of particular 
patterns (whorl, loop, arch, etc., and associated left and 
right slant characteristics) . 

The above details outline the general form of a system. 
We have an operator at a console using the basic Henry 
characteristic data on individual fingers for initial infor- 
mation to the computer (that is, the operator identifies 
whether or not each of the fingers is a loop or whorl, has 
a left or right slant, etc.). Following this the computer 
makes several simple measurements corresponding to those 
now made in ridge counting and enters these data into 
the file. Now, if the computer needs information, it 
requests it of the operator. _ 

Following the supplying of the additional data by the 
operator, the computer then locates a card or set of cards, 
which are displayed to the operator for further processing. 
(The computer would not be restricted to only one re- 
quest. Several passes might be made when necessary be- 
fore cards are actually delivered for final verification. ) 

How far the search process should take the system is a 
point which must be considered at this time. It is our 
view that in most cases when finger information is avail- 
able the system should deliver a particular card to the 
operator of the system as the result of a search. In some 
cases it would certainly be acceptable to deliver several 
cards to the operator, though the occurrence of this should 
be kept to a minimum, and perhaps 10 cards on rare oc- 
casions seems a reasonable upper bound. 

The maximum number of cards that might be deliv- 
ered to an operator is obviously related to the amount of 
information (number of descriptors) delegated to each 
print by the classification system, the number of search 
passes, etc. The economics of the system design requires 
a balancing of more thorough computer searching against 
the cost of operator intervention, for example. 

There are several more subtle points. Since no system, 
including the present, will be perfect, particularly when 
latent prints are considered, we must consider the im- 
plications of missed identifications versus delivery of too 
many cards or erroneous cards. A comparison with pres- 
ent manual systems would be useful at this point, and it 
might be profitable to study existing systems to derive 
statistics of this operation. Several such tests have been 
initiated in New York State. 

For latent prints the situation is of course more com- 
plicated, and the number of cards delivered must ob- 
viously vary considerably with the quality of the latent 
prints offered to the system. It is quite conceivable 
that individual cards might be delivered by the computer 
as a result of a single latent print, but it is also likely that 
a hundred cards might be the result of a search. In some 
cases where prints are particularly bad, a thousand or 
more cards could be delivered. We would hope, however, 
that these cases would be comparatively rare. If a final 
choice is to be made as the result of the computer having 
delivered several cards, the operator makes this by means 
of his display, examining the prints from the offered cards 
and finally selecting a particular print if possible, or other- 


wise indicating that the search of the files has resulted in 
no satisfactory match. 

The system should be so designed that it can handle 
both 10-print or latent-print information. Thus the cod- 
ing will not be in the customary Henry alphanumeric sys- 
tem, but rather on a finger-by-finger basis using individual 
plus collective prints to refine the file system in cases 
where all 10 prints are available. 

_ The first step in the proposed research program con- 

sists of determining a classification system by means of 
which individual prints can be located in a master file con- 
taining perhaps over a hundred million total individual 
fingerprints. The study should concern itself not only 
with the location of sets of prints using 10-print data as 
input, but also the latent print problem, thereby intro- 
ducing a need for additional storage because of the addi- 
tional information needed to locate individual prints. 
Also, since latent prints are quite often of bad quality and 
many of the minutiae may not be -present, it would be 
necessary to add redundant information even beyond that 
needed to locate clean and complete single prints. 

After the classification system has been decided upon, 
the total volume of storage will be known, the size of 
the data bank can be calculated, and equipment costs 
can be determined by inquiries directed to a number of 
manufacturers. At that time, decisions concerning ac- 
cess time versus price and the partitioning of the filing 
pieces can be made. At that time also, one will be able 
to determine the class of computers which are capable 
of handling the present processing load, the numbers of 
calculations which the machine must make during both 
average and peak periods, and the amount of peripheral 
equipment which will be required. 

With regard to the console, the classification system will 
doubtless prejudice the selection of consoles, although 
several commercially available consoles appear reasonable 
at this time. Some work might also be done on develop- 
ing better means for taking fingerprints and better or 
perhaps even more exotic future techniques for extracting 
the fingerprint information. The means for storing the 
actual prints in the system on photographic film can also 
be established by presenting the system requirements to 
manufacturers of photographic information retrieval sys- 
tems. This will specify the system and the anticipated 
cost of developing, purchasing, and operating such a sys- 
tem. It is felt that these will be quite modest with respect 
to the present operating costs for large systems. Follow- 
ing this phase of the study, the decision can be made to 
begin construction of an automatic fingerprint processing 
system. 


THE FINGERPRINT CLASSIFICATION 
TECHNIQUES STUDY 


Let us return once more to the problem of classification 
in a large file of fingerprints. Quite a number of differ- 
ent proposals have been made as to possible techniques for 
subdividing the fingerprints in a file. For instance, re- 
cent industry proposals suggest that by means of a 
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Fourier series, or by considering fingerprint data as vector 
fields associated with Laplace equations, parameters can 
be mathematically generated which may make it possible 
to classify the fingerprint data in a system. In contrast 
to this, the present system, after using the fundamental 
Henry characteristics, relies on the minutiae of islands, 
ridge endings and bifurcations. The location of these is 
used by fingerprint experts in court proceedings as well as 
for locating prints in the file. It is our opinion that locat- 
ing these minutiae will enable the classification procedure 
to advance beyond the initial stages. It appears in most 
reports, however, that it is not the general contour in a 
print which makes the print identifiable, but the existence 
of irregularities in the flow lines or ridges. For this 
reason, it is recommended that the proposed systems 
using minutiae to characterize and categorize fingerprint 
data be studied in some detail using actual prints for data. 

In addition to locating the minutiae in the print, which 
is straightforward for an operator and not too difficult for 
a computer, it is necessary either to establish a coordinate 

system in order to refer the location of these minutiae to 

other prints, or to use relative information which associ- 

ates one ridge ending or bifurcation with another. In 

addition, there is angular information associated with each 

of these singular points which may also be used as de- 

scriptive data but this appears to lack the variance neces- 

sary to make this information really useful for further 

refining the partitions of the file. 

Unfortunately, it is difficult to say at this time exactly 
which of the proposed schemes will work best in the sort- 
ing of fingerprint data. In order to make an effective 
system, it is therefore necessary to study a set of actual 
cards using a simulated semiautomatic system and to at- 
tempt identification of both 10-print cards and latent 
prints using such a system. The proposed study would 
use a simulated classification system which would resemble 
in actual operating practice the proposed systems, utiliz- 
ing several consoles with operators and a number of 
fingerprint cards from one of the present files. By re- 
peatedly attempting to locate cards in the file using finger- 
print data and by a systematic study of the characteristics 
of the prints which are on file, it will be possible to deter- 
mine which of the proposed classification systems will 
work best. 

Classification is the step in the automatic retrieval 
process which contains major unknowns at the present. 
There is certainly no problem in the information retrieval 
part of the system, given an adequate classification sys- 
tem, nor is there a problem in sorting the necessary 
volume of data nor in providing the computer speeds 
necessary to retrieve cards efficiently given adequate input 
data. 

It seems clear that a study of the classification problem 
will prove useful only if it deals with actual fingerprint 
cards and fingerprints in existing files. Theoretical 
studies would be restricted to work with statistical distri- 
butions and these are not presently available. The cost of 
such a study would be perhaps $500,000 to $1 million. 
Several consoles which are commercially available can be 
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purchased in the immediate future. Study contracts can 
be let and, given the cooperation of a major law enforce- 
ment agency, it would be possible to initiate such a study 
in the very near future. This seems the necessary first 
step to any implementation of a computerized fingerprint 
retrieval system. It would, in addition, give us consid- 
erable information on the subject of locating latent 
prints in files which are now in existence, and should be 
helpful to all law enforcement agencies in coping with 
their problems associated with latent prints. It would 


also supply statistical information concerning the antici- 
pated consequences of enlarging the present files. 

Further steps would, of course, be based on the results 
of the first study. There appears, however, to be no basic 
reason why a classification system cannot be implemented. 
The problem is simply that sufficient knowledge is not 
now available. The study would, of course, provide more 
knowledge than this, for simulating certain parts of the 
proposed system will give accurate information on opera- 
tional speeds and efficiency which will be useful in any 
future system. 


Appendix D 


POLICE MOBILE RADIO COMMUNICATIONS SYSTEMS 
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POLICE RADIO OPERATIONS 


Large police mobile radio networks are characteristi- 
cally organized in a centralized geometry with the two- 
way communications channels radiating outward from 
the dispatching center to the mobile units in the field 
as the spokes of a wheel radiate out from the hub. This 
network geometry is convenient for the normal mode of 
police operations, but less well adapted to the emergency 
mode. 

The normal mode of operation of a police mobile radio 
network is built around the individual mobile police ve- 
hicle and its occupants as the fundamental guardians of 
law and order. The mobile units patrol well defined 
“beats,” receiving assignments from the dispatching cen- 
ter, and monitor the activities of mobile units on adjacent 
beats, moving to be in a position to render aid in pursuit 
if needed. 

The emergency mode of operation of the police mobile 
radio network must provide for the organization of police 
mobile units into tactical operation units for dealing with 
large scale riots, disasters, or demonstrations. The net- 
work topography is no longer a simple wheelspoke since 
control of the tactical force may be given to a command 
vehicle on location in the emergency area. This latter 
mode of operation is one for which police departments 
generally have not been prepared in the past. In recent 
years, however, the forward looking departments have 
been making substantial changes both in organizational 
procedures and in design of their communications net- 
works to be able to shift into this mode of operation as 
required. 

In a number of the larger, single-agency, police net- 
works, the geometry just described can be recognized par- 


into account. Over major population areas, however, 
because of the multiplicity of municipal, county, and State 
agencies involved, a large number of individual networks 
are found to exist, all overlapping each other in their radio 
coverage. In taking areawide overviews, it is difficult to 
identify any discernible pattern. In addition, the exist- 
ing police radio networks are plagued with a number of 
severe shortcomings. The most serious of these short- 
comings is the severe crowding of the police radio bands. 

The overall shortcomings of present police radio com- 
munications have a number of clearly defined 
characteristics : 


The congestion of the police radio channels is 
most severe in the areas around the major popula- 
tion centers. In these areas, there are too many 
police radio users and too few radio channels allo- 
cated for police use. 

In these major population areas, as in all areas of 
the country, police radio is characteristically orga- 
nized into a large number of small, independent net- 
works which are ineffective in terms of interagency 
communications and coordination and inefficient in 
use of the limited available radio spectrum. Each 
little municipality will often have its own small, 
independent police network. 

Even in those areas where large police networks 
exist as in major cities or countywide systems, there is 
virtually no use made of the methods of modern com- 
munications technology to even the channel loading 
or relieve the congestion at times of heavy traffic. 

New devices required for improved police opera- 
tion such as automatic car locators, small personal 
radios for use away from the car, and teletype in the 
car can be expected to create requirements for addi- 
tional radio spectrum space for police use. 
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The spectrum congestion evidences itself not in an 
actual breakdown in police communications. The dis- 
patchers’ messages to the cars are sufficiently imperative 
that police make certain that these messages get through 
even in the most adverse circumstances. The spectrum 
congestion evidences itself more nearly in a gradual dete- 
rioration of police capability which becomes dramatically 
evident when communications are badly needed and not 
available, as during riots or other emergencies. 

Finally, the money allocated in the police budget for 
equipment as opposed to money for personnel is charac- 
teristically extremely smal!. The Los Angeles Police 
Department is completely mobile, yet 93 percent of its 
budget is for personnel. A more dramatic example of 
the small proportion of total police funds used for equip- 
ment is provided by comparing equipment and personnel 
costs for conducting police mobile patrol. For a two- 
man police radio car on 24-hour duty, three shifts of two 
men each are required, plus two additional shifts for 
relief—sick time, days off, other duty, vacation, etc. 
Hence, 10 men are needed per vehicle at approximately 
$10,000 per year. (These figures are halved for the one- 
man car.) 

The equipment costs are $2,000 for the car, $700 for 
radio equipment, and $100 for the shotgun and other 
equipment, totaling $2,800.1 These equipment costs are 
amortized over a 3- to 5-year period. Thus, using 3 years 
as a conservative estimate, the annual equipment costs 
(not including maintenance), total $930 for the car and 
its associated equipment. This is only 1.8 percent of the 
total costs for a one-man car and 0.9 percent for a two- 
man Car. 

The desired capability for police radio networks encom- 
passes operation in the normal mode as described above 
the majority of the time, in the emergency mode when 
required, and in a number of additional modes thus far 
not available to them or available only to a limited degree. 
These modes include: 


Car-to-Car Capability: The police are unanimous 
in their desire to have all cars on a radio channel 
able to listen to both sides of all conversations and to 
have a capability for car-to-car communications. 


Interagency Communications: The police require 
an intermunicipality communications capability on 
the dispatcher’s level rather than on a car-to-car 
basis. In many areas, this capability has been 
achieved with fixed station radio equipment. 


Convenient Portable Radios: Police are unani- 
mous also in their desires to extend their radio net- 
works beyond the restriction to mobile equipment 
to include small, inexpensive, portable radios which 
can be used by the foot patrolman and by the officer 
when away from his car. 


Digital Communications: Many police have ex- 
pressed a need for teletype in the car so that long 
messages can be transmitted and recorded automatic- 
ally. The primary difficulties in providing this 
feature has been the high cost of the equipment. 


THE SPECTRUM CONGESTION PROBLEM 


There is general agreement that severe spectrum con- 
gestion ae in the police radio bands, and eae 
congestion extends across all the radio bands used in lan 
mobile applications. The individual examples are nu- 
merous enough and are drawn from enough separate parts 
of the country to be convincing in spite of the lack of an 
overall, thorough, and detailed field measurement 
investigation. 

The indications from limited field tests undertaken by 
the FCC in Los Angeles and New York, from the pre- 
occupation with the subject in the APCO Bulletin,” from 
the study made by the Land Mobile Section of the Elec- 
tronic Industries Association, and from evidence gathered 
and presented in connection with various dockets * ° that 
the FCC has opened in recent years point to serious 
congestion and a growing demand on the part of all 
organizations which use radio in land mobile applications. 
Commissioner Cox of the FCG, in a recent article ad- 
dressed to the engineering profession,® pointed out the 
rapid growth in the Land Mobile Services—from 10,000 
licensed transmitters in 1948 to over 220,000 in 1965— 
and the reasons for creation of the Advisory Committee 
for Land Mobile Radio Services. The need for action 
in this area has also been pointed out in Congress.’ 

There is a large number of examples of the effects of 
the spectrum shortage. Until recently, in New York City, 
communication for 2,000 police mobile units was provided 
by 8 simplex radio channels. The Bronx is patroled by 
about 225 mobile units, all using a single frequency chan- 
nel for communications. New York City has put 500 
police cars on the street without radios because of fre- 
quency shortages. In peak evening hours police in cars 
must use telephones to contact headquarters in order to 
leave radio free for dispatchers to send messages. This 
situation is now being relieved by the recent assignment 
of forestry frequencies to the New York police. 

In suburban northern Illinois,’ one network in south 
Cook County has 35 base stations and 200 mobile units 
on 1 frequency. Illinois State Police in Cook County 
have 200 police mobile units on 1 frequency. Their 
radio traffic volume for 1965 was reported as 374,000 to 
500,000 messages, annually—an average of 1 message 
every 80 seconds for the entire year. Fifteen municipali- 
ties north of Chicago must support a total of 306 police 
mobile units on a single frequency. West of Chicago, 25 
communities must support a total of 231 police mobile 
units on a single frequency, which also is shared by nearby 
Gary, Ind. 

In southern California, 6 cities ° in eastern Los Angeles 
County with a total population of 250,000 share a single 
radio frequency. Eight cities in the South Bay area of 
Los Angeles County, including the large and growing 
city of Torrance (population 120,000), share a single 
police radio frequency. The city of Los Angeles has been 
unable to obtain two additional frequencies, one for city- 
wide pee and the other for emergency tactical 
control. 


Consider first the situation with regard to the measure 


of what is needed. Actual channel loadings, that is, 


' These cost estimates were supplied by Deputy Chief Davis of the Los Angeles 
Police Department. 


2 Bulletin of the Associated Public Safety Communications Officers, Inc., K. F. 
Conroy, editor, 38506 Lakeshore Drive, Harrison Township, Mount Clemens, Mich. 
48043, 

% Land Mobile Section of the Electronic Industries Association, “‘Study of the 
Federal Communications Commission Frequency Cards,’’ 1964. 


*“In the Matter of—An Inquiry Into the Present and Future Requirements of 
the Public Safety Radio Services for the Allocation of Radio Frequencies,’’ FCC 
Docket 11997. 


5“Tn the Matter of An Inquiry Into the Optimum Frequency Spaci 
Assignable Frequencies in the Land Mobile Service scan the Feasibility ee 
anges ee by Television and the Land Mobile Services,” FCC Docket 15398 
enneth A. Cox, ‘The Land Mobile Radio Services,”’ I ‘ 
No. 10, October 1956, pp. 42-43. Maret dee oe 
7John D, Dingell (16th District, Michigan), ‘The Need for Additi i 
Frequencies,’’ Congressional Record, House, Sept. 28, 1966, ro 23207-23216 eas 
5 Cook, Lake, DuPage, McHenry, and Will Counties. ‘ 
® Pomona, Claremont, LaVerne, Covina, Azusa, and Glendora. 


measurements of the percentage of time a radio channel 
is busy, would be indicative of the extent of the crowding. 
Naturally, the traffic loading in police radio channels 
varies, the channels being most busy in the evening hours 
and on weekends. An average loading of about 50 to 
60 percent, however, indicates an extremely busy channel. 

Surveys made by members of the Science and Tech- 
nology Task Force have shown that a wide variation in 
police radio channel loadings exists. In one major city 
several channels were heavily loaded while one was very 
lightly loaded. Because of the inflexible design structure 
of police radio networks, there was no way that the city 
could easily switch channels from one set of users to 
another to use the lightly loaded channel to ease the total 
radio traffic burden. In many other cases, small munici- 
palities were found to have lightly loaded (3 to 5 percent) 
channels although these municipalities were adjacent to 
a number of other cities with badly overloaded facilities. 
Thus, radio channel loading averaged over a metropolitan 
area 1s not a clear-cut indicator of the spectrum 
congestion. 

Approximate rules of thumb for radio channel require- 
ments might be arrived at on the basis of population. 
Sample statistics taken in the course of the work indicate 
that on the average, over a 24-hour day, a police patrol 
vehicle receives about one call per hour.’ Further, on 
the basis of annual calls for police service from the public, 
it appears that it takes a population of about 25,000 to 
generate the average | call per hour for a mobile patrol 
vehicle.1* Thus, very tentatively and subject to a more 
detailed evaluation, it may be said that it takes at least 1 
patrol vehicle on the street at all times for each 25,000 of 
population. Further, studies by the Rand Corp. indicate 
that a police conversation lasts on the average from 25 to 
60 seconds. This checks well with the viewpoint accepted 
by the FCC that about 30 mobile vehicles make an 
average load for a single radio channel. Finally, these 
figures are based on an average loading, but a commun- 
ication system must be designed for the peak load. 
Assume a 5:1 ratio between peak and average loading. 
Thus, the figures would indicate the assignment of 1 
police radio channel for mobile patrol purposes on the 
basis of 30 cars per channel for every 150,000 in popula- 
tion. The needs for supervisory vehicles, detective chan- 
nels, and other special purpose channels would increase 
this number. 

An alternative method of arriving at a population rule 
of thumb is as follows. Assume an average of 2.5 police 
personnel per 1,000 population. Assume further that half 
of the force is on mobile patrol beats. Using one-man 
patrol cars, it takes about five police patrol personnel for 
24-hour coverage of a beat. This leads to a figure of 1 
patrol beat per 4,000 population. In the preceding ap- 
proach when peak to average loading is considered, a 
figure of 1 patrol car per 5,000 population was obtained. 
Again assuming 30 cars to a radio channel leads to the as- 
signment of 1 radio channel per 120,000 population. 

Although the two rules of thumb are in good agree- 
ment, neither should be relied upon to provide more than 
just additional insight into the problem area. When one 
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considers that municipal, county, and State police operate 
over the same area and that the size of cities, though vary- 
ing greatly, has no relationship to the area that can be cov- 
ered by a radio transmitter, it becomes difficult to consider 
applying any rational guideline to determining the actual 
police radio needs of an area unless, for first approxima- 
tions at least, the municipal boundaries are ignored. The 
approach that is taken instead is to develop, through 
policy decisions on spectrum assignments by the FCC, a 
basis for projecting future needs based upon present usage 
and upon the particular conditions of the local area 
involved. 

The approach of projecting from present usage, as a 
base, is essentially long term in its implications. In the 
near term, immediate answers are required. Therefore, 
to supplement the long-term program, it is urged that the 
FCC take immediate steps to initiate a survey to deter- 
mine the requirements of the police for the immediate 
future for additional radio spectrum. 


POTENTIAL FOR ADDITIONAL RADIO SPEC- 
TRUM ALLOCATIONS FOR POLICE USE 


THE NEED FOR IMMEDIATE ADDITIONAL RADIO SPECTRUM 


Despite the fact that the police community can make 
more efficient use of the radio spectrum than it is presently 
doing, it is evident that such actions will not eliminate 
the necessity for allocation of additional frequencies for 
police mobile radio use. 

The police forces of the nation today are basically 
mobile forces. The citizen’s access to these forces is 
usually the telephone call to the radio dispatcher. It fol- 
lows that police with inadequate radio communications 
are simply ineffective and working in the dark. No 
amount of computers, advanced training, or increased 
number of vehicles can substitute for an adequate radic 
network. 

Further, the point was made that there is a pressing 
need for quantitative projections of the police radio spec- 
trum needs over at least the next decade. Although 
the need for a careful evaluation of the situation is thus 
conceded, time is a factor. There will be no hiatus in 
local emergency situations while the police wait for the 
radio spectrum problems to be solved. Hence, while a 
series of recommendations are put forward, designed to 
encourage more efficient spectrum usage and develop 
projected needs, it has been concluded that steps should 
be taken immediately to provide additional radio spec- 
trum resources for police use. The present section con- 
siders the divisions of the radio spectrum and the sources 
from which police might obtain additional frequencies. 

After a review of allocations within the nongovernment 
bands in the United States, it is seen that there is a great 
disparity between the amount of spectrum space avail- 
able for TV broadcasting and that available for public 
safety needs. The disparity is far greater than that which 
could be explained by the greater bandwidth require- 
ments of TV. It is unfortunate that the police are ham- 


19 FCC Docket 11997, “‘Preliminary Statement,” p. 19. 


464-220 O- 72-9 


11 Based on data derived from City of Chicago. 
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pered by inadequate radio communications while large 
portions of the TV spectrum are underutilized. Recom- 
mendations are made for remedying this situation, recom- 
mendations which should have only minor effect upon the 
radio spectrum capacity available for TV but which 
should provide immediate and major measures of relief 
for the police community. 


PRESENT DIVISIONS OF THE RADIO SPECTRUM 


The broad features of spectrum allocation are: 
about 27 percent of the spectrum is reserved for govern- 
ment use, 58 percent is reserved for nongovernment use 
and 15 percent is shared between the two. Of the non- 
government share, 88 percent is reserved for broadcast- 
ing. The mobile radio bands are about 5 percent of the 
total available for nongovernmental use.** 

The usage of the mobile bands has been characterized 
by a phenomenal growth in the past 15 years. The 
causes of this growth are complex, including the general 
business growth, the characteristics of a nation “on the 
move,” and the policy of the FCC in recent years of en- 
couraging maximum use of the radio spectrum potential. 
The Business Radio Service, first established in 1958, had 
over 220,000 transmitters authorized in its first 3 years of 
service. The police had approximately 5,000 licensed 
transmitters in 1949; today they number over 200,000. 
It is this rapid growth that has led to the severe crowding 
in the mobile bands. 

The FCC has allocated three basic bands to the mobile 
users. While generally insufficient analysis and experi- 
mentation has been carried out in the mobile bands, as 
compared with the government military bands or the 
broadcast bands, the Bell System did publish ** a funda- 
mental comparison of the relative desirability for mobile 
use of the three bands. 


OPTIMUM CHOICE OF FREQUENCIES FOR POLICE MOBILE 
RADIO NETWORKS 


As indicated in table D-1 the police community pre- 
fers the “high band” or VHF frequency range. As more 
efficient police mobile networks are developed, there will 
be a strong tendency for the police to ask for additional 
frequencies in the range they are using in order to mini- 
mize the changes required in their existing equipment. 
This trend can be already seen in cities which have de- 


signed for multifrequency transceivers—Los Angeles, 
Chicago, and Washington, D.C. Hence, there will be 
a tendency for the police to desire additional allocations 
in the VHF band. ; : 
The Bell Laboratories ran a series of experiments 1n 
New York to find the optimum range of frequencies for 
the Land Mobile Service. Their results were reported 
by Young.’ These results are summarized here in a 
series of graphs derived from the Bell System article. ogg 
ures D-1, D-2 and D-3 show that transmission efficiency 
decreases with frequency but noise also decreases. As 
a result of these counteracting phenomena there is a 
broad optimum located around 450 KHz. Thus, the 
police might obtain somewhat superior service using this 
band rather than high band. The preponderance of 
present equipment however, favors the continued use of 


high band. 


MEDIAN VALUES OF RECEIVED SIGNAL POWER 
AT SUBURBAN LOCATIONS 

(Assumes the same power at all frequencies radiated 
from a dipele and received om a quarter-wave whip) 


FIGURE D-1. 
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Source for Figures D-1, D-2, and D-3: 
~~ W.R. Young, Jr; Bell System Technical — 
Journal; November, 1952. 
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Table D-1.—Characteristics of Police Frequency Bands 


Band in which police Bandwidth Noise or interference characteristics Distance characteristics Comments 
frequencies are located 
37-46 MHz (low band)_.-_.-_| 20 kHz________- Vulnerable to ‘'skip’'interference and iono- | Very good reception over long distances ____ Interference makes this band undesirable 
spheric noise, particularly in years of high ‘ 
sunspot activity. 
154-159 MHz (high band)..___| 30 kHz ________ alee ise levels, particularly in urban | Good distance characteristics_...__________ Generally this band preferred by police a 
ocations. 3 
453-459 MHz....._..-..._--. SO/RM2s asses Lower noise levels than high band in urban | Poor distance characteristics....__________ Police move reluctantly to this band because 
areas. of higher costs and incompatibility with 
high band equipment. 


12 Estimates provided in informal correspondence by W. E. Plummer, Office of 
Telecommunications Management. 
18 Young, W. Rae, Jr., “‘Comparison of Mobile Radio Transmission at 150, 450, 


900, 
1085. 
4 W. R. Young, op. cit. 


and 3700 Me.,’’ Bell System Technica! Journal, November 1952, pp. 1068- 
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FIGURE D-2. MEDIAN VALUE OF SIGNAL REQUIRED TO OVERRIDE NOISE 
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FIGURE D-3. TRANSMITTER POWER AT ANTENNA INPUT REQUIRED 
FOR URBAN AND SUBURBAN COVERAGE 
(Mobile antennas are assumed to be quarter-wave whips) 
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It is generally agreed that lowband, with its skip in- 
terference, is undesirable for police use although major 
police departments—Baltimore County, Md.; Fairfax 
County, Va.—are among those still operating in this 
band because of the spectrum shortage. Section 89.101 
(g) of FCC rules advises users in the Public Safety Serv- 
ices to use frequencies in the higher portions of the spec- 
trum because they are not subject to skip interference 
from distant stations due to reflection off the ionosphere. 
REALLOCATION POTENTIAL WITHIN THE PUBLIC SAFETY 
BANDS 


Table D—2 provides a picture of the spectrum crowd- 
ing in these bands in a very general way since it considers 
all the transmitters licensed all over the country. It is 
valid as a general picture, however, since most mobile 
band users, with a few notable exceptions, experience the 
most severe crowding in the same places—the popula- 
tion centers. 

Since the police suffer more severely from congestion 
than the other Public Safety users it appears to be sensible 
to afford them relief by reallocation from the other user 
allocated bands. These other bands are also well used, 
however, and a more practical approach would seem to 
be that the user identification within the Public Safety 
Bands be eliminated and local governments be made re- 
sponsible for the efficient usage of all their assigned fre- 
quencies. This would eliminate the need for further 
consideration of reallocation within the Public Safety 
Bands. 


Table D-2.—Relative Congestion Among Users of 
the Mobile Bands 


Number 

transmitters 

Public Safety: per ere 
Files Be ee See ey ene age ee le Ae 
Forest conservation. 220 -kece sa aana ee ama er rae 
Highway maintenance... 2<---5- 2-22 —- 6 — eet aa 
ocaligovernment-o 22 s0.- settee on stan eae one pee ee yt, 
POCO k oe ese ce a hs a ee ee ie 

Special @meigency. 2-22-22 cee sa eee 
975.6 


Other than Public Safety: 


Auto emergency 
Business radio__- 


Manufacturers radi E 
Motion picture radio_____-------..------------------------------------- 
MOTOMOSTTICIS.. (<tc n  e ae  aee ero 
Petroleum: oe. a ee ee ee 


WiDLOSS fee oo aon eee 
Spacialindusthial=-----4-----.--= 
Taxicab 


OVerallia Vere pes se 28 seas te eee 


Note.—From EIA study of FCC frequency cards. Only considered transmiters between 
30-50, 105.8-162, 450-460 MHz. 


REALLOCATION POTENTIAL WITHIN THE LAND MOBILE 
BANDS 


Table D-2 indicates that the commercial-industrial 
portion of the Land Mobile Bands are, on the average, 
as heavily congested as the Public Safety portion. Hence, 
there is little possibility of additional spectrum resources 
being made available to the police from this source. In- 
deed, the commercial and industrial usage of the radio 
spectrum has grown so rapidly in the past two decades, 
that business interests can be expected to compete actively 
with the police at such time when additional radio spec- 
trum is made available. 


REALLOCATION OF PORTIONS OF THE BROADCAST BANDS 


The overwhelming percentage of the radio spectrum 
allocated to broadcasting suggests this as the most promis- 
ing source of additional frequencies for police. Further, 
consideration of the present very light usage of the UHF 
T'V spectrum reinforces this preliminary conclusion. 

The FCC, on its own initiative in 1957, instituted an 
inquiry *° into the allocation of frequencies in the range 
25-890 MHz. As a conclusion to that docket, the FCC 
determined that the following actions could be taken: 


The FCC proposed to institute a trial under which 
certain land mobile licenses in the State of California 
in certain services would be given secondary sharing 
rights to unused frequencies of other services. The 
matter was investigated under docket 15399 and the 
region of experimentation was broadened to include 
Texas and the city of Chicago under docket 16259, 
The matter has been terminated in view of a broader 
proposal being considered by the Advisory Commit- 
tee for the Land Mobile Radio Service. 


The FCC proposed in docket 15398 to examine the 
feasibility of permitting the Land Mobile Service 


15 FCC Docket No. 11997. 


to share TV channels 2 through 13 with tele- 


vision broadcasting. This subject is under active 
examination. 


The FCC instituted a study of the technical and 
administrative steps which might be taken to resolve 
problems confronting the land mobile services. 


The conclusion was reached in docket 11997 that 
the future needs of both educational and commercial 
TV depend upon the maintenance of the UHF TV 
bands. ‘This conclusion is commented upon later 
when it is pointed out that a parallel study of future 
needs for TV and of future needs for Public Safety 
1s required to assess the relative allocations that 


should be made. 


The trend has, however, clearly been toward an exami- 
nation of the possibility of usage of TV frequencies and 
an examination of the allocation and assignment processes 
themselves as the two most significant sources of relief 
in the present congested spectrum situation. Here atten- 
tion is directed toward an evaluation of the availability 
of radio spectrum in the TV broadcast bands. 


Sharing the VHF TV Bands 


The FCC indicated in its conclusions to docket No. 
11997 that while the possibility of moving all of TV to 
the UHF region had not been completely ruled out, the 
probability of doing so appeared to be remote. Submitted 
as testimony in docket 15398 was a detailed engineering 
statement on the technical feasibility of sharing the VHF 
TV bands with mobile users. Although the results are 
conceded to be technically sound, the National Association 
of Broadcasters has objected on the grounds that although 
“some theoretical sharing may seem possible based upon 
hypothetical engineering assumptions, the institution of 
appropriate safeguards to prevent interference to tele- 
vision reception would undoubtedly preclude the practical 
assignment of land mobile stations on TV channels.” 1° 

The engineering analysis of the Electronic Industries 
Association (EIA) pointed out first that other services 
already operate adjacent to VHF TV channels. See table 

According to the EIA analysis, the above services oper- 
ate in the same area as the neighboring TV channels 
without causing serious problems, except for the 171-174 
MHz band in areas where TV channel 7 is used. Thus, 
there is a basis for presuming that the same could be true 


Table D-3.—Bands Adjacent to VHF TV 
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of land mobile base station transmitters operating at adja- 
cent frequencies in the same area. 

Figures D-4 and D-5, taken from the EIA analysis, 
are the composite graphs of VHF TV receiver character- 
istic curves for a low-band channel, channel 5, and for a 
high-band channel, channel 11. These curves, which 
show the level of interference noticeable to the viewer, 
show that, as expected, the receiver is most sensitive to 
interference within the channel rather than to interfer- 
ence in neighboring channels. Further, the receiver is 
more susceptible to interference in the channel below the 
channel to which it is tuned than it is to interference from 
above. The figures specifically consider the interfering 
effect of a CW or narrow-band, land-mobile transmitter 
signal. In most cases, for adjacent channel signals, the 
interfering signal must be above the TV signal level, 
which is taken here as 225 microvolts, to cause noticeable 
effects. This is expected TV-signal level at the edge of 
the grade B service contour. Figure D-6 shows that if 
the land-mobile transmitter signal is kept 55 db below the 
225-microvolt reference, there would be no interference 
to the T’'V even at band edge. 

Figure D-7 shows the various frequencies that must be 
avoided in the land mobile services to minimize the possi- 
bility of local adjacent-channel television interference. 
The video and audio carrier should be avoided to min- 
imize interference to the land-mobile receivers. A land- 
mobile transmitter on the upper channel sound beat fre- 
quency—‘‘B” in the diagram—will mix with the upper 
channel video carrier which is 4.5 MHz away to produce 
4.5 MHz sound I.F., which will cause audio interference 
in the upper channel. Similar interference effects are 
caused by transmissions on the other frequencies indicated 
in figure D-7. 

As a result of their analysis, developed more completely 
in the referenced EIA analysis, the EIA recommended 
land mobile frequency assignments shown in figure D-8 
for adjacent channel operation. Further, they recom- 
mended at this time that operations in adjacent channels 
be limited to fixed stations. 

As an illustrative example of the Los Angeles situation, 
table D-4 shows the number of land mobile stations that 
might be assigned in that area on the basis of adjacent 
channel operation. A total of 307 25-kHz channels is 
available. 


Table D-4.—Land Mobile Channels Available in 
Los Angeles in VHF TV Bands 


Adjacent channel available 
Television pureteny ery (Guanine i "7 a sy 
= — Number Frequency (MHz) (25-kHz) 

chant | PR i oo” wo F 
pe oO ee 50-54 4,5 She 82-88 reer 
6. a er 82-88 Fit DIDAU CA Sliccaesa awa nbas-sn— ne 88. 1-94. 1 7 s 180-186 of 42 s 
PET oo ee eee 174-180 || Safety and special services........ 168-174 5 9 a 10 a 192-198 | - ae ee 
iota eS pee 210-216 “Government and amateur__.------ 216-222 11, 13 12 | 204-210 42 


16 Reply comments of the National Association of Broadcasters, FCC docket No. 


15398, p. 4. 
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The analysis in favor of the practicability of sharing is 
considered to be sufficiently sound and valid in its devel- 
opment, and the need is sufficiently intense that the mat- 
ter can be expected to be amenable to decision at an early 
date. On the basis of the foregoing, it is recommended 
to the FCC that the field investigation of the practica- 
bility of sharing VHF TV spectrum with mobile users be 
given top priority and that when the technical conditions 
for sharing have been established, an appropriate portion 
of those spectrum resources be made available to the 
police community. 


Reallocation of UHF TV Spectrum Space 


Table D—5 shows the very large amount of radio spec- 
trum space that is devoted to UHF TV. While there is 
currently intense interest in the potential utility of this 
portion of the spectrum for educational TV, the fact nev- 
ertheless remains that it represents an enormous amount 
of spectrum—enough for 14,000 30-kHz mobile radio 
channels. Just one TV channel provides sufficient band- 
width for 200 such channels. Finally, simple arithmetic 


shows that a reallocation, for example, of two UHF TV 
channels would reduce that total capacity by less than 5 
percent. It is extremely doubtful whether it is possible 
to project the future growth of UHF TV to within this 
order of accuracy. Accordingly, it is recommended to 
the FCC that consideration should be given to reallocat- 
ing radio spectrum space from UHF TV to land mobile 
use. 


Table D-5.—Spectrum Allocations in Brief 


Frequency range Amount of fre- Comment 
quency space 
2) =216) MHZseces sees spline Most heavily used land mobile frequencies. 
FM broadcast. 
VHF television. 
Aviation service. 
Marine services. 
eeu band. 
overnment services. 
216-470 MHz___._...._| 254 MHz_______ Land mobile frequencies. 
pitenibands. 
overnment services. 
470-890 MHz_________- 420 MHz______- UHF TV. 
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- CHANNEL 11 


(Composite of all receivers tested) 
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THE EFFICIENT DESIGN OF MUNICIPAL 
MOBILE RADIO NETWORKS 


MOBILE RADIOTELEPHONE NETWORK DESIGN CONCEPTS a 


There are two very different and very significant gains 
to be made by the designing of large-scale communica- 
tions networks for police and public safety use as opposed 
to individual networks for each small user and small 
municipality. The advantages in scale, or more simply, 
the advantages that derive from the more efficient and 
more even loading of the channels among users of the 
same kind in a large network are not available to a small 
network. The second feature is that gross differences in 
user habits provide advantage to all concerned. ‘Thus, 
schoolbus frequencies and some highway maintenance 
frequencies are available for police and fire use in eve- 
nings, weekends, and during emergencies. 

The basic approach to the optimum use of communica- 
tions networks developed with Erlang’ s work in Denmark 
published in 1917.%° The approach is simple in concept 


although it can become complex in mathematical formula- 
tion. Basically, the concept is that the allocation of com- 
munications channels on an exclusive basis is extremely 
wasteful in terms of use of resources as compared to the 
sharing of channel resources among a number of users. 
Many studies have shown that the distribution of the 
number of telephone messages per hour may be approx- 
imated by a Poisson distribution with parameter L, where 
L is the average number of messages per hour. This 
distribution will be assumed for police messages. That is, 
K,(t), the probability that there are n police messages 
during a time interval of t seconds is given by: 
(Lt)" 
K,(t) = ni 


exp (— Lt) 


Additionally, it is convenient to assume that the message 
length is a negative exponential distribution with mean 
1/u. That is, the probability that a message lasts longer 
than ¢ time units is / —exp(—t/u). 


17 Basic analysis presented here was provided by Dr. M. Bellmore of Johns 


Hopkins University. 


18 Brockmeyer, Halstrom, and Jensen, “The Life and Works of A. K. Erlang,” 


Copenhagen Telephone Co., 
translated into English. 


Copenhagen, 1948, contains all of Erlang’s papers 
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FIGURE D-6. 
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Because police communication systems have a varying 
load depending upon the time of day, day of week, and 
season of the year, different values of L must be used to 
represent the different time intervals during the day. 

If a police department has k communications channels 
to divide the load and any of the k channels can be used to 
send a particular message, then the problem described 
is represented by a standard queuing model known as a k 
channel parallel queue with Poisson input and exponential 
service time. 

It can be shown '* that the mathematical model of the 
multichannel queue yields the following equations: 


tl 
P= 
ae ras | 
24 51 P + FP k—p 
a 
BA TAT Ys _/P 
ROM lee sige © 


pr pi 
(k—1)\(k—p)? °u 


E(W)= 


where: 


L 
u 
L=mean arrival rate of messages 
w=reciprocal of mean service time for messages 
P,=probability that all channels are free 
P(W)=probability that all channels are busy 
E(W)=average waiting time to obtain a clear 
channel 
The variable rho (p), is a measure of the com- 
munications loading and k is the number of channels. 
These equations may be transformed into another 


p= 


useful form by the substitution eo 
U 
The variable p* has the physical interpretation of 
the percent of total capacity that each channel is 
used and varies from 0 (no load) to 1 (full load). 
In terms of p*, the equations become: 
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Po= FI jon *n 
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n=o Tb: 
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These results may be found in almost any elementary treatment of queuing 
theory. See for example Sasieni, Yaspan, and Friedman ‘‘Operations Research— 
Methods and Problems,"' John Wiley and Sons, p. 138. 
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FIGURE D-7. TV RECEIVER SPURIOUS RESPONSE PATTERN 
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These equations have been evaluated and the results 
graphed in figures D-9 and D-10. One might extend 
this analysis by including different classes of messages, 
each class with distinct w and L. In particular, one 
might separate the outgoing from the incoming messages, 
or possibly those messages from the traffic division from 
those messages from the patrol division. These details 
would be appropriate when analyzing a specific problem 
area. 

Figures D-9 and D-10 illustrate just how powerful 
can be the effect of the ability to share channels. Note 
for example in figure D-9 that at 50 percent load factor 
the probability of delay in placing a call for one channel is 
just 50 percent. If 16 channels each busy 50 percent of 
the time are shared, the probability of delay reduces to be- 
low 1 percent. From figure D-10 the delay time in the 
first case is on the order of one service time or average mes- 
sage length. A message length in police work can be taken 
as on the order of one-half to 1 minute.*? For 16 chan- 
nels the average delay is less than 0.1 average message 
lengths. Why this improvement with multi-channel op- 
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eration? Basically with one channel there is always a 
probability that the channel will be busy when a new 
user requests it. The probability is lower, however, that 
two channels will be busy at the same time. The prob- 
ability is very low that a large number of channels are all 
busy at the same time. (These statements assume the 
same loading in all channels.) Hence, in a multichannel 
operation, the idle time of channels is used more effec- 
tively so that, as compared with use on an exclusive basis, 
the ecuipment is put to much more efficient use. 


These curves are indicative rather than absolute in 
nature. When channels are lightly used with 10 to 20 
percent loading factors, conversations tend to be lengthy 
and radio discipline somewhat lax. When channels are 
congested, 60 percent loading and above, conversations 
are more crisp and radio discipline is necessarily enforced. 
Consideration of these factors would modify the charts 
substantially. Nevertheless the charts indicate that, for 
example, at 40 percent loading with two channels trunk- 
ing the service, the probability that all channels are busy 
is equivalent to that which would obtain from four indi- 
vidual channels. Trunking then can be a powerful 
technique for obtaining effectively better communications 
at no additional cost in radio spectrum space. 


It should be understood that channel sharing does not 
mean that all users hear all messages. With modern cod- 
ing techniques each police department in a channel shar- 
ing arrangement can use the radio frequency channel to 
address only its own cars without “opening up” the re- 
ceivers of other using departments. 


The system designs discussed here are for normal police 
operations including the normal increase in load on week- 
end evenings. There are emergency situations involving 
natural disasters or riots which can create severe over- 
loads on even the largest police networks. While some- 
thing can be done in such situations, such as the pre- 
emption by the police of radio frequencies normally used 
for other purposes, the discussion here does not consider 
such matters. 


Thus, with no increase in the number of radio chan- 
nels, communication system users can get superior service 
if they pool their spectrum resources into a multichannel 
system. ‘The outstanding example, of course, is the tele- 
phone industry which gets good channel loading and pro- 
vides superior service because of the large number of users 
who share a common system. 


In a shared system, an individual user no longer has a 
unique channel. Rather he has a unique address and 
uses whichever channel is available at the time of his need. 
The unique address or radiotelephone number, is pro- 
vided by means of the subaudio selective codes which have 
already been used to a limited extent in police mobile 
radio systems. In such a system of pooling, in which sev- 
eral municipalities may be involved in order to realize the 
economies of size, an individual police department retains 
complete control over its own forces. Its calls go only to 
its own cars. It surrenders no more control than it does 
through use of the common carrier telephone system for 
making telephone calls. 


20Mr. Al Hiebert of Rand Corp. has pointed out that the usual figure of 
10 seconds duration for a police call is not the correct figure to use in calculations 
of traffic loading and expected waiting times. A message consists of a conversa- 
tion back and forth between a dispatcher and a car and consists of several trans- 


missions of average length 10 seconds. Until now, many measurements of trans- 


mission duration have been made but virtually none of conversation length. Yet 
the conversation is never interrupted except in the gravest emergency. The length 
of a typical police conversation is taken here as 1 minute. The number is based 


upon inadequate statistics but indications are that the average will be within a 
factor of 2 of this quantity. 
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FIGURE D-8. LAND-MOBILE FREQUENCY ASSIGNMENT 
(For 60-mile Minimum Adjacent Channel) 
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DESIGN TECHNIQUES APPLIED TO WASHINGTON METRO- 
POLITAN AREA 7! 


Present Situation in Washington Metropolitan Area 


The Washington metropolitan area (fig. D-11), is 
defined here to include the District of Columbia, Mont- 
gomery and Prince Georges Counties in Maryland, and 
Arlington and Fairfax Counties, Va., and the independent 
city of Alexandria, Va. It is an area of approximately 
1,400 square miles with approximately 2 million inhabit- 
ants. ‘This complex comprises two States and a Federal 
jurisdiction. 

The D.C. metropolitan police force, serving 61.4 square 
miles and 764,000 people, currently uses three duplex 
channels to control a mobile fleet of approximately 106 
cars on patrol at any one time.*? See table D-6. In 


Table D-6.—District of Columbia Police Department 
Radio Frequencies 


Channel User 


Frequency 
(MHz) 


155. 250 
159. 030 
155. 310 
158. 850 
155. 415 
159. 150 
154.80 

154.920 
156.030 
156. 090 
154. 890 
155. 515 
453. 550 


Base. 

Mobile. 

Base. 

Mobile. 

Base. 

Mobile. 

Base. 

Patrolmen. 

Base. 

Patrolmen. 

Civil disturbance. 

Radar handi-talkie. 

Metropolitan Area intersystems 
communication. 


arse (Precinct Nos. 1,2,3,6 8,11 and 
Beg SereaiE Nos. 4, 5, 7, 9, 10, 13 and 


Handi-talkie. 


“1 Acknowledgment of assistance provided by Inspector McAuliffe of the Wash- 
ington Metropolitan Police should be noted but not interpreted as prior approval 
on his part nor on the part of his organization of the viewpoint developed here. 

22 In all of the discussions here, numbers of police patrol cars are taken as equal 


to the number of police patrol beats or sectors and hence do not include super- 
visory vehicles, detective vehicles, traffic squad—if organized separately from 
patrol units—or undercover vehicles. 


FIGURE D-9. PROBABILITY OF DELAY IN MULTICHANNEL SYSTEMS 
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EEE 


addition, two duplex channels are used in a well-designed 
system for communicating with foot patrolmen from the 
precinct houses. These latter channels will not be 
referred to again as the need for them is peculiar to the 
District and the small size constraints on handi-talkies 
inhibits the use of multiple channels in any sharing 
arrangement. 

Montgomery County, bordering the District to the 
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FIGURE D-10. EXPECTED WAITING TIMES IN MULTICHANNEL SYSTEMS 
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on patrol by means of two simplex channels, reserving 
a third simplex channel for emergency use. The county 
police department is responsible for the policing of all of 
Montgomery County, approximately 500 square miles and 
341,000 people, with the exception of the city of Takoma 
Park which is partly within Montgomery County and 
partly within Prince Georges County. Table D~7 sum- 
marizes the police radio frequency usage in the Washing- 


north and west, controls approximately 40 mobile units 
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FIGURE D-11. 


MONTGOMERY COUNTY 


THE WASHINGTON METROPOLITAN AREA 
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ton suburbs and shows the Montgomery County usage. 
Table D-8 summarizes the areawide situation in graphic 
form. On that chart, the loading figure, or approximate 
channel usage, for Montgomery County has been ad- 
justed to include use of the emergency channel on a 
day-to-day basis. Evidently, if greater availability of 
communications channels is to result from channel shar- 
ing, a first step must be to even the loading of channels 
within an individual jurisdiction. 

Takoma Park directs and controls approximately three 
mobile units by means of a single simplex radio channel. 


Silver 
Spring @ Greenbelt 


Takoma 


Park 


7 \ 
WASHINGTON it Ratiter 
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@ Hyattsville 


ARLINGTON 


Alexandria 


--~ 


PRINCE GEORGES COUNTY 


It is a municipality of 16,799 population (1960 census ) 
and 2.2 square miles with a 23-man police force, 

While Prince Georges County has a police force, 4 
number of incorporated municipalities in the county have 
their own independent forces whose cars are dispatched 
by county police headquarters. In addition, the cities of 
Mt. Rainier, Hyattsville, and Greenbelt possess their own 
communications system for a small number of mobile 
patrol units. The county police have a relatively heavily 
loaded duplex communications channel which provides 
communications for about 50 mobile units. 
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Table D-7.—Suburban Washington Police Radio 


: These two channels are also available 
| Frequencies 


when available. 
to Herndon. 


Area Frequency Use 
(MHz) 
Montgomery County_________ 155.64 | Channel 1, base and ile; 
; Neer re eee ; : mobile; covers 
S transmitter sites; all dispatch- Silver Spring and Bethesda Fase 
ing done from Rockville.) 155.52 | Channel 2, base and mobile; covers 
Rockville and Wheaton areas. 
pes a pieunel 3, emergency. 
Prince GeorgesCounty.___.___.____ 158.73 qersveteuts FOr anAE On 
(3 transmitter sites; all dispatch- 155.58 | Mobile 

ing done from Seat Pleasant.) 154.83 | Mobile 

" 453. I icati 
Arlington County____._____________ 158. 25 ae pana vane: 

re | as 

. : ntersystems communications. 
RalriaxiGounty.---5-- = 8 39.54 | Base an mobile. 

39.66 | Special channel. 
: 453.55 | Intersystems communications. 
ICYET ULE Seay lee aa 155.07 | Patrolmen network. 
158.97 | Mobile. 
158.91 | Mobile. 

2 453.55 | Intersystems communications. 
Pala, Wan. s--=-oo e e 45.98 | Base and mobile. 
Raltsi@huroh}: Valo S- sors. 22 2 2 156.15 | Base 

154.80 | Baseand mobile. 
HOUT Sa) ( (Os ee ee 155.73 | Base and mobile. 
[alrite TO eee Seca 39.54 | Base and mobile. 
VARS VIUD) MC a= enn a tenn 155.13 | Base and mobile. 

1 Cr CL ah (ae 154.95 | Base and mobile. 
akouialParkn MG nso ae 39. 82 Base and mobile. 
MIBINIAU Vabese ce oo aon eee 155.70 | Base and mobile. 


In Virginia, there are three major police departments, 
those of the counties of Arlington and Fairfax and the city 
of Alexandria. Arlington, a suburban county of 163,401 
population (1960 census) and approximately 30 square 
miles communicates with approximately 46 mobile units 
in the field by means of a single duplex channel. Alex- 
andria, with a population of 91,023 (1960 census) and 15 
square miles of area communicates with 16 mobile field 
units with a single duplex channel. This channel has a 
mobile repeater feature so that the officer’s conversation 
with the dispatcher is repeated out over the dispatcher’s 
channel so that all cars hear all parts of a conversation. 
In addition, Alexandria has a small network of hand- 
carried radios for use by patrolmen. 

Fairfax county is composed of approximately 275,000 
people in 325 square miles of Washington suburban com- 
munities surrounded by farm country. It is policed 
primarily by the county police who field 20 police mobile 
units and communicate with them by means of a single 
simplex channel. The traffic loading figure for the 
county police has been adjusted to include use of the 
special police channel on a day-to-day basis. A num- 
ber of small towns in Fairfax County provide communi- 
cation channels for their own mobile forces. These 
include Fairfax City, Falls Church, Vienna, and Herndon. 

The loading for Fairfax County has been adjusted to 
include usage of a special channel on a day-to-day 
basis. This may be somewhat unrealistic since the 
county is sufficiently large that the special channel 
may be required sufficiently often as to be unavailable for 
control of mobile forces when needed. Nevertheless, the 
unmodified load is 67 percent and this figure results in 
such lengthy delays in placing messages-—on the order of 
9 minutes—that the additional channel should be used 


Optimization of Washington Metropolitan Area Police 
Communications—On a County Basis 


As a first step in considering the possibilities for a more 
effective police mobile communications system for the 
Washington metropolitan area, consider the coordina- 
tion of all such communications within the jurisdictions 
of the individual counties in this area. For realism, it 
can be assumed that there is no transfer of radio spectrum 
resources across county lines, but that complete coopera- 
tion within an individual county is expected. 

Under the above ground rules, integration of the duplex 
channels of Washington, D.C., would result in the 
improvement indicated in table D-9. The com- 
munications facilities of Montgomery County are already 
integrated on a countywide basis with the exception of 
Takoma Park. For simplification, in this model, Tako- 
ma Park will be included with Prince Georges County. 

In Prince Georges County, the mobile police communi- 
cations facilities of Takoma Park, Mt. Rainier, Hyatts- 
ville, and Greenbelt are to be combined with those of the 
county. To the integrated facility, the following fre- 
quencies are available: 


Facility Frequency 
(MHz) 

PrincenGeore es kc Oln tye ee 154, 83 
155. 58 

158. 73 

(Greer Ce a ee ere 155. 73 
Hyattsville= Ae ae eS 2. 1555S 
NE Rae ee ee ee 154. 95 
Wakomanbarks coc ees ee ee ee ee ee 39. 82 


Accordingly, the integrated system, as shown in table 
D-9, may be designed to have 3 duplex channels to 
handle the approximately 65 cars on patrol in the county. 
This would be an entirely adequate system for all normal 
purposes and would provide improved performance for 
all police in the county as is shown in table D-10. 

The loading on the new system was estimated by noting 
that the average loading on five channels previously was 
14.4 percent. Converting this to a three-channel system 
yields 24 percent average channel loading in the new sys- 
tem. Note, from the table, that this loading for a three- 
channel system results in very efficient service. 

It may appear that Mt. Rainier did not particularly 
benefit from the change to a countywide system. Note, 
however, that their communications facilities, originally 
one channel for an average of two cars, were entirely ade- 
quate and continue to be so after the consolidation. In 
addition, the small Mt. Rainier force is now tied in with a 
larger capability and may tap those larger resources when 
the situation requires. 

The example just presented of an integrated police mo- 
bile communications system for Prince Georges County is 
valid from the viewpoint of systems engineering but has 
some shortcomings in terms of component or subsystem 
design. Suppliers of mobile radio equipment prefer 
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TABLE D-8. - SUMMARY OF CURRENT POLICE SPECTRUM LOADING IN WASHINGTON METROPOLITAN AREA 


No. Mobiles on Modified Probabilit ae 
User Patrol at One Load of eae 
Original Position Diagram Load Time (approx. ) (See Text) Delay ec 
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TABLE D-9. - POLICE SPECTRUM LOADING IN COORDINATED COUNTY SYSTEMS 


User 


Weysiny2/ail0) D 159.030, 
PS Seoi0 [D 158.850 
5:57. 4i05 D 169) 150 


Washington, D.C. 


Integrated 
Prince Georges 
County 
D - 155.64 
Montgomery 
County (Dh 155.52 36% 


(unchanged) 


Ite eee Aer 


Arlington 
County 


158.790 D 154.740 


Alexandria 


Integrated 
Fairfax 
County 


Ishares channel with Fairfax County 


Code: [D] 


— = Simplex Radio Channel 
D| Talk-out Half of Duplex 
(D]_, Talk-in Half of Duplex 


Dispatcher 


Table D-10.—Communications Delays Within 
Prince Georges County 


No. of Mobile Units On 


Present communications Integrated County 
system System 
i t t aes 
Bs salad = Expected on Expected 
Probabitity elay Probability elay 
of delay (seconds) of Delay (seconds) 
Greacnbelts- sdessaas-=2-4>---55 0.06 shel 
Ci eee Sage oe Ape tens . 08 pl 
Re a hp 02 | By 0. 04 Derg. 
Takoma Pal ke.nc-2-=55---—~<2-—= 06 S.7 
Prince Georges County_.--------- . 50 60.0 


Expected Delay 


Patrol at Any Time (Seconds) 


(approx. ) 


= > 
‘ 
Bee she : 


is 


c p= \ 


closely spaced channels in order to simplify the design of 
their equipment and so keep costs within limits. The 
frequencies available to Prince Georges County are awk- 
wardly spaced for inclusion in a single multichannel set 
due to the 158.73 MHz frequency and indicate the short- 
comings and the additional costs involved in pooling on a 
relatively small base. Thus, the economies of scale that 
result from coordinated communications networks are 
twofold. First, the efficiencies derived from channel shar- 
ing and the resulting decrease in probability of delay in 
placing calls are more impressive as more channels are 
used. Second, the larger the base for the coordination, 
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the greater the choice of frequencies among which to 
select for minimizing equipment costs. Generally, these 
equipment considerations will not be emphasized in this 
discussion of overall systems design. Note that in the 
integrated Prince Georges County system, the 39.82 MHz 
(Takoma Park) channel would not be needed and hence 
would not be used. 

Arlington and Alexandria as independent areas are not 
affected by the move toward consolidation of county fa- 


cilities. In Fairfax County, the following frequencies are 
available: 

MHz MHz 

39.54 Fairfax County 154.80 Falls Church 

39.66 Fairfax County 155.70 Vienna 

45.98 Fairfax County 156.15 Falls Church 


A three-channel duplex system is suggested with VHF 
channels used for talking out to the cars and the HF fre- 
quencies used for talking back to the dispatcher from the 
car. The average loading of the new system—calculated 
as before—is approximately 32 percent. The receiving 
antennas at the fixed sites should be designed for low 
angle coverage to selectively reject as much as possible 
the long-distance skip interference characteristic of the 
HF band; note, again, the awkward selection of frequen- 
cies.** 

Table D-11 shows the improvement expected in Fair- 
fax County from adoption of the suggested changes and 
ignoring, for purposes of illustration, the equipment 
problems raised by the specific frequencies involved. In 
all cases, except Vienna, improved performance would 
result from the coordination of facilities within Fairfax 
County. Vienna’s situation is similar to Mt. Rainier’s in 
Prince Georges County, i.e., an entirely adequate system 
remains so. Table D-9 summarizes the material. 


Table D-11—Communications Delays Within 
Fairfax County 
Present communications Integrated County 
system System 
Police department STs e ee 
j ( Expected Expected 
Probability of delay Probability delay 
delay (seconds) of delay (seconds) 
Fairfax City____- 0.13 9.0 
Fairtex Countys 22-22-22 . 33 722 
PAUOnUTC Ite cca nes nea ss ean .14 9.6 - 08 2.4 
RANG U ese eee ees a? x00 Tez 
Mi Cee oe ae 2 eee . 03 1.8 


Consideration of Area-Wide Coordination 


From table D-9 it is seen that through coordination 
on a countywide basis the loading is relatively satis- 
factory for all police mobile forces, with the notable 
exception of the county of Arlington. The situation is 
somewhat artificial, however, for the following reasons: 


The frequencies included in Prince Georges 
County’s recommended three duplex channels are 
spaced awkwardly for efficient equipment design; 


specifically, the 158.73 MHz channel should be ex- 
changed for one in the 154 MHz region. : 

The Fairfax County system uses HF frequencies 
which are generally undesirable because of skip 
interference. 


One solution to the Fairfax County problem would be 
an integrated Virginia suburban system combining the 
city of Alexandria and counties of Arlington and Fair- 
fax. Such a system would have enough VHF frequen- 
cies for four duplex VHF channels and would have an 
average loading of 39 percent, which would result in 
probabilities of delay less than 8 percent and expected 
waiting times of only 4 seconds. ‘The frequencies avail- 
able are 154.74, 154.80, 155.07, 155.70, 156.79, 158.79, 
158.91, and 158.97 MHz. 

Again the frequencies are spaced awkwardly and the 
integrated system would want to exchange 156.79 MHz 
for a frequency in the 158 MHz range. . 

In the event that such a change were made, all cars in 
the area would have at least three send-and-receive chan- 
nels. All such systems would have duplex channels, with 
the exception of Montgomery County which uses simplex 
channels. 

At this point in this simplified analysis, if the above rec- 
ommendations were adopted all police mobile communi- 
cations would be adequate but with neither growth 
capability nor the ability to accommodate additional re- 
quired services such as handi-talkies and communications 
links away from the car. The latter requirements call for 
additional frequencies. 

With the immediate problems at least partially solved, 
in this hypothetical example, consider the situation that 
would exist. In Virginia the police officer in his mobile 
vehicle, when he wished to place a call, would press the 
microphone button. The channel selector would locate a 
frequency, one of four, and he possibly would activate a 
switch to call his dispatcher. Upon release of the address- 
code switch he would call in his report. Alternately the 
coded address could be a part of the press-to-talk function, 
automatically terminating with the received reply. The 
opinion has been expressed by some that the police officer 
might prefer to make his own search for an unused fre- 
quency or might prefer a single frequency link. The man- 
ual search feature would appear to be operationally unat- 
tractive and the single frequency system leads to ineffi- 
cient channel loading and inferior service. Throughout 
the conversation—even while listening to the dispatcher— 
the police officer would continue to hold the channel by 
leaving his transmitter on. The dispatcher similarly 
would hold his channel to the car by leaving his trans- 
mitter on while listening. If the police officer were part 
of the Fairfax County force, his conversation would not 
be heard by the Arlington communications systems al- 
though the radiation would cover Arlington. This latter 
feature is necessary in order that channel selectors in 
Arlington equipment could monitor that channel in order 
to use it when it was available. 


_ Inno sense has a complete and thorough systems analy- 
sis been made of the channel sharing concepts presented 


“3 Due to the small total base of frequencies used in the pooling system. 


here. They do provide for more efficient spectrum util- 
ization and for much greater flexibility in establishing 
connections in a police mobile radio network. By pre- 
arrangement, for example, the Arlington police could 
call Alexandria police cars either directly or by being 
patched through the dispatcher. A frequency may be 
removed from general service and assigned to a tactical 
force talking on a car-to-car basis if so required. While 
these degrees of freedom exist, they all involve different 
costs. It should not be difficult, however, with selective 
calling to design and implement systems which are so 
built that they can later be modified to accommodate addi- 
tional desirable features. 

The concept of multiple selection of channels must be 
taken as only a recommended approach for investigation 
until such time as the detailed design and development 
has been accomplished on a specific system. One feature 
of the system that must be extremely attractive to the 
police community is the ability to create special channels 
without putting a frequency “on-the-shelf.” Thus a 
single areawide channel for the Washington metropolitan 
area could be provided by proper coding—and the proper 
placement of transmitters and receivers—and the fre- 
quency planned for use by that channel may be used on 
all occasions, except the rare ones when such coordinated 
networking is required, by a police department in its 
normal day-to-day operations. This practice contrasts 
very favorably with the alternative one of holding fre- 
quencies in reserve for detective work or citywide use but 
not having these frequencies available for general use at 
other times. 


Critique of the Example 


The example just given shows that a great deal can be 
done by the police themselves to alleviate their spectrum 
crowding problems. The solution arrived at in the spe- 
cific case is by no means a perfect one. Further, it is 
clearly a minimal solution. While the day-to-day control 
of the police mobile forces would be taken care of, the 
system would be sufficiently loaded that there would be lit- 
tle real freedom for releasing frequencies for any special 
purposes, such as undercover or other detective functions. 
In addition, there are no excess frequency resources to 
sustain growth. The needs for handi-talkies and for 
away-from-the-car communications will create a demand 
for additional frequencies. 

In certain areas of the country, it is quite evident that 
the spectrum shortage is sufficiently severe that any re- 
design of networks must be done in parallel with the 
assignment of additional frequencies. This is undoubt- 
edly the case in New York City and in the suburbs of 
Chicago. 

In addition to all of the above, the example sketched 
has ignored critically important cost and equipment 
problems. ] 

Local political situations in any local area will also 
play a part in determining the configuration of network 


most acceptable. 
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It is possible only to conclude that network redesign to 
accommodate channel sharing will result in more efficient 
use of the spectrum. The effort is more likely to be 
successful if it is done on a wide area basis with a large 
number of frequencies involved, and, in any case, will 
probably require some trading of frequencies among 
users. 


THE DESIGN OF PUBLIC SAFETY NETWORKS 


Since the times of heaviest usage of the different pub- 
lic safety communications channels do not coincide, it is 
evident that major gains in more effective use of the radio 
frequency spectrum can be made by the creation of such 
networks combining various public safety users. While 
the police and fire channels are used all 7 days of the week, 
in the evening and night hours as well, the same is not 
nearly as true for highway maintenance or for local gov- 
ernment frequencies used for miscellaneous local activities 
not directly concerned with public safety. 

There are problems involved in designing such net- 
works. The highway maintenance frequencies which 
might be made available to the police as backup frequen- 
cies for emergency purposes or for weekend radio traffic 
are not always contiguous with the police bands. Fur- 
ther, in at least one city where the possibility of a public 
safety communications network was considered, all of the 
police frequencies were in the VHF band while highway 
maintenance frequencies were in UHF. 

Police officials generally have serious reservations about 
the practicability of public safety networks. Thus the 
police have reservations about a citywide communications 
system through the adoption of which they may lose some 
of the close control of their field forces. 

A further consideration which has been raised by po- 
lice communicators is that if they can acquire additional 
channels, as needed, from other municipal services, then 
the other services can make a case for using police fre- 
quencies when they face critical situations. Thus the 
ability to control and dispatch police vehicles becomes 
more nearly subject to decisions that may be made by 
nonpolice personnel. 

There is no really satisfactory general answer to the 
above problem. It can, however, be answered in a de- 
tailed design. That is, in a specific design a basic set of 
channels can be provided for such vital operations as 
those of police and fire and no technical facilities pro- 
vided for switching those channels out of those services. 
Thus the police and fire chiefs can be assured of having a 
basic communications capability. Other channels, of a 
less essential nature, can be provided on a switchable 
basis. 

A number of counties in the country do have county 
public safety communications centers. Several were vis- 
ited in the course of this work. While these centers pro- 
vide impressive advantages in terms of centralization of 
maintenance and the development of openings for profes- 
sional caliber personnel, they do not constitute integrated 
networks in the sense used here. Frequencies are still 
identified with usage and essentially a central dispatch 
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point is created for a large number of individual mobile 
radio networks. Nevertheless, these centers represent a 
distinct advance over the patchwork of small separate 
communications centers that exist in most counties. 

Some cities, notably Los Angeles, Chicago, and New 
York, have such large police departments that they al- 
ready have the advantages of scale needed to develop 
networks along the lines proposed here. In any future 
developments in such cities, a distinct and entirely sep- 
arate police dispatching center would continue to be 
required. 

Despite the independence of the large police communi- 
cations network, however, it is still possible, even in the 
larger cities, for the municipal government to make chan- 
nels available to the police dispatcher for use on week- 
ends and under emergency conditions. 

The possibility of viewing public safety needs from a 
total municipal viewpoint has important implications in 
terms of FCC allocations and assignments. These topics 
are considered separately. 


THE RELATIONSHIP BETWEEN THE POLICE 
AND THE FCC *4 


THE POLICE/FCC INTERFACE 


The allotment of different portions of the spectrum to 
different usage is carried out by international agreement. 
Within the United States and in the nongovernment 
sector of the radio spectrum, the allocation of bands of 
frequencies to different nongovernmental services is de- 
termined by the FCC. Within the framework of these 
allocations, assignments of individual frequencies to in- 
dividual users, excluding agencies of the Federal Govern- 
ment, is then made by the FCC. The coordination of 
activities in the Government bands—which refers to Fed- 
eral Government only since State and local government 
use of the radio spectrum is under FCC jurisdiction—is 
carried out by the Intragovernmental Radio Advisory 
Committee (IRAC). IRAC has a permanent staff lo- 
cated in the Office of Telecommunications Management 
of the Executive Office of the President. 

In earlier years it was not uncommon for considerable 
sharing of frequency resources to exist on a somewhat 
informal basis. Before World War II the communica- 
tions center of the Washington Metropolitan Police De- 
partment, as a service, dispatched police mobile units for 
the surrounding counties. The frequencies utilized were 
in the HF band and, although bothered by skip inter- 
ference, they gave very broad local coverage and were 
convenient for dispatching distant vehicles. 

In recent years, with the increased metropolitan con- 
gestion and the shift to the less interference-prone VHF 
and UHF frequencies, the workloads of the large metro- 
politan police forces have been too large to provide service 
to their smaller neighbors. Their coverage has been too 
limited to reach distant neighbors reliably. As indicated 
in the preceding sections, it is proposed once again to re- 
turn to a system of closer intermunicipal cooperation in 


“* The majority of the material in this section has been reviewed in draft form 
by knowledgeable individuals in the Federal Government and in police work. 
Acknowledgement of such aid is not meant to imply prior endorsement of the 
material. Organizations from whom such assistance has been received include the 


Federal Communications Commission, the President’s Office of Science and Tech- 


the interest of more efficient use of the radio frequency 
spectrum. The significant change proposed here, and 
made possible by the present state of technology, is the 
elimination to a large extent of the frequency itself as a 
means of addressing a receiver, substituting reliance upon 
selective codes for addressing. The frequency is then 
merely a communications channel available to any legiti- 
mate user as is a two-wire pair in a telephone network. 
The selective code is analogous to the telephone number. 

To a large extent, FCC policy is in spirit already in 
consonance with the approach of frequency sharing. To 
quote from section 89.101 of the FCC Standards, the part 
which is concerned with the Public Safety Radio Services: 


: Frequencies listed in this part will not be assigned exclu- 
sively to any one applicant. 


In practice, however, frequency assignments have been 
made on an individual basis and sharing, when it exists, 
has been a result of informally developed arrangements 
rather than of a coherent overall policy. Although the 
applicant is required to submit a letter of recommenda- 
tion from the frequency advisor for the area, the ad- 
visor is a volunteer and may or may not be properly 
qualified. In addition, the frequency advisor does not 
have any authority or desire to consider the necessity for 
the request and he must avoid jurisdictional disputes. In 
effect, then, all users deal directly with the FCC. There 
is no hierarchy of organization among users and no over- 
all communications planning that extends beyond the 
limits of individual police departments. In many cases, 
the user—a police department—simply contacts a com- 
mercial service organization whose representative fills out 
the required forms and processes them without the 
leaders of the municipal government being involved. 

The FCC assigns frequencies to the local government 
but for use by a specific service—police, fire, highway 
maintenance—so that in effect, although not in intent, 
the local government itself is not involved. 


THE PROBLEM OF THE SMALLER COMMUNITIES 


Matters of frequency assignments come to the FCC on 
a piecemeal basis and although the FCC has urged users 
to consider and present the broader implications of their 
requests, the actual workings of the system have led to 
keen competition for ever-scarcer frequencies on a highly 
individual basis. The result has been that, although 
users need relief from frequency congestion, there is a 
significant variation in traffic loading on the police fre- 
quencies in all areas, indicating inefficient use of the total 
resources. Another result has been that the FCC does 
not get a coherent picture of spectrum usage within an 
area so that it can properly address the policy questions 
on a national level with which it must be concerned. 

The first set of recommendations developed here are 
designed, therefore, to encourage pooling of radio fre- 
quency resources into efficient communications networks 
on the part of Public Safety Radio Service users, to 
reduce the number of applicants who can deal directly 
with the FCC, and to require municipal governments to 
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take a greater responsibility for the efficient use of the 
radio spectrum resources under their control. 

It is recommended that the FCC limit by rule the size 
of municipalities, in terms of population and/or land 
area, which are located in major metropolitan areas with 
which it will deal directly in regard to frequency assign- 
ments in the Public Safety Radio Service. 

This limit on municipality size need only be applied in 
major metropolitan areas since these are the areas where 
radio spectrum congestion is a problem. Such areas are 
subject to clear definition by means of census data. To 
qualify for frequency assignments, smaller municipalities 
would be required to work together as a group or coordi- 
nate with the core city of the area. Such a response is 
what is desired for it encourages networking without dic- 
tating in any way the manner in which that networking 
should be accomplished on a local level. It is possible 
that rare cases will exist where a small community cannot 
enter into such a network. The FCC rule should allow 
for such exceptions upon the presentation of substantiat- 
ing evidence. 

Because of the many examples that have been found 
of small communities having lightly loaded channels, it 
is recommended that the FCC, by rule, establish a policy 
that municipalities which fit into the category of the 
previous recommendation be notified that unless they 
show justifiable cause for exception they must release 
within 5 years of date of notification any public safety 
frequencies which have been assigned to them. Note 
that FCC licenses are issued for periods no longer than 5 
years in any case. Thus, this recommendation involves 
a decision not to renew licenses rather than to revoke 
existing ones. 

This second recommendation is aimed at bringing 
into coordinated networks those municipalities which 
have no motivation to do so because of their present 
satisfactory situations. There is a sufficient number of 
such communities and sufficient radio spectrum resources 
are involved to make the recommendation worthwhile. 
Note, too, that the first and second recommendations are 
concerned not only with police but with all public safety 
spectrum assignments. 


THE RESPONSIBILITY OF LOCAL GOVERNMENT 


It is recommended that, as soon as practicable, the FCC 
by rule establish a policy of assigning Public Safety Radio 
Service frequencies only to the local government and not 
identified by user and not assigned directly to the users 
such as police or fire departments. It is further recom- 
mended that frequency advisory matters be handled by 
one committee in each area instead of by separate com- 
mittees for police, fire, highway maintenance, and forestry 
conservation. These committees should receive the same 
formal recognition by their State governments as does the 
committee presently functioning 1n Michigan. 

Radiotelephone traffic loading is not only uneven across 
the police bands, but is perhaps even more uneven across 
the entire Public Safety Radio Service bands. Further, 
there are gross characteristics of the different users which 
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can be utilized for greater overall efficiency. While the 
fire department frequencies are needed imperatively 
when they are needed, the traffic loading is often not as 
heavy on the average nor as evenly distributed in time 
as is the case for the police. Highway maintenance fre- 
quencies are most heavily used during the normal work- 
ing day. Evenings and weekends, when the police fre- 
quency bands are most congested, the highway main- 
tenance bands can be expected to be idle in most cases. 
Other frequencies such as those used for dispatching 
schoolbuses are obviously busy certain hours and idle for 
long periods. 

Police communicators do not use these frequency re- 
sources of their municipalities because these frequencies 
are not licensed for police use. The FCC has recognized 
the need for multiple use of radio frequencies by estab- 
lishing within the Public Safety Radio Service a band of 
local government frequencies which can be used for any 
legitimate local government activity. The majority of 
the frequencies in the public safety bands are, however, 
specified for type of user. Secondly, it is not politic for 
the police to examine the resources of other local govern- 
ment organizations. Thus, a city may have more than 
adequate total radio spectrum resources to create a highly 
efficient radiotelephone network and, at the same time, 
the police may be desperately short of radio resources. 
It is probable that this is the case in at least one major 
metropolitan area with serious police communications 
problems. 

The response from one knowledgeable and experienced 
individual to the suggestion that the subdivisions of the 
Public Safety Radio Service be eliminated—-for those sub- 
divisions which involve municipal radio services—was 
that possibly such a move would imply the abdication on 
the part of the FCC of some of its responsibilities. His 
point was that the FCC is responsible to see that police, 
fire, and other municipal functions have adequate spec- 
trum resources. 

However, it is more properly the function of the city 
government to see that its people have adequate police 
and fire protection. The FCC, by breaking down the 
frequency assignments below the municipal government 
level, injects itself, to an extent, into local government 
affairs, increasing the difficulty of its own task and plac- 
ing artificial restraints upon the municipal government. 
This was not the case before radio spectrum congestion 
became a problem. Under the broader characterization 
of the frequencies involved, the FCC retains its capability 
to see that there are adequate spectrum resources for 
municipal functions since individual requests for fre- 
quency assignments must still develop the justifiable need. 
The municipality, however, is responsible for the efficient 
use of its total radio spectrum resources, and designs based 
on economies of scale become possible. The proposed 
change in the assignment procedure is diagramed in fig- 
ure D-12. 

Note that the municipality retains the freedom to de- 
velop, in cooperation with neighboring cities, a coordi- 
nated police network or its own coordinated public safety 
network, or any combination of the two. From the FCC 
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viewpoint, the only requirement should be the efficient The International Association of Fire Chiefs (IAFC) 
use of the limited radio frequency spectrum. 


: : The Internati ici i iati 
The role of advisory groups shown in figure D-12 ‘national Municipal Signal Association 


should not be overlooked. In the present situation they 5. BAL. i 
have provided, and in any new situation will continue to The Association of Public Safety Communication 
provide, invaluable advice and guidance to the FCC on Officers (APCO) 
policy matters that transcend the level of local areas. The Forestry Conservation Communications Associa- 
These groups include: tion (FCCA) 

The International Association of Chiefs of Police The American Association of State Highway Officials 


(IACP) (AASHO) 


The Land Mobile Section of the Electronic Indus- 
tries Association (EIA) 


The Public Safety Communications Council 


The Advisory Committee of the FCC for Land 
Mobile Radio Services 


Eastern States Police Radio League (ESPRL) 


The contributions from all of these groups has, in spite 
of the informal nature of an advisory function, often been 


substantial as evidenced by analyses presented in FCC 
dockets. 


RETENTION BY THE FCC OF RESPONSIBILITY FOR SPECTRUM 
ASSIGNMENT 


Finally, in connection with the frequency assignment 
procedures, the suggestion has been made on several occa- 
sions that the public safety bands be placed in a special 
category distinct and separate from that of the com- 
mercial, industrial, and broadcast users and possibly out- 
side the FCC jurisdiction. The approach has obvious 
merit in that the criteria for evaluation of the needs in 
public safety are, and should be, totally different from 
those used for the needs of the commercial interests. 
This difference is emphasized by analyses currently being 
made of the “dollars value per unit wave length” of the 
spectrum. It is difficult to apply this dollar approach 
to the public safety users. 

In spite of the fact that the public safety users are ina 
different category than are the commercial and industrial 
users of the spectrum, the creation of a special category 
for public safety does not appear to be practicable. The 
three possibilities are: 


Transfer public safety from the nongovernment 
bands, under the FCC jurisdiction, to the govern- 
ment bands, under IRAC jurisdiction. 


Create a new category and a new agency to handle 
the public safety portion of the spectrum. 


Retain the present status but create conditions to 
improve the “bargaining power” of public safety 
users vis-a-vis broadcasters and commercial users. 


The first possibility does not appear to offer any advan- 
tages to the public safety user, and in particular, appears 
to have several disadvantages. IRAC, (Intergovern- 
mental Radio Advisory Committee) is a committee of 
Government agencies which operates under the support 
of the Executive Office, Office of Telecommunications 
Management. In working with IRAC public safety 
officials would find themselves immersed in Federal Gov- 
ernment activities with which they were not familiar and 
often discover that essential information on frequencies 
was classified by the military. There are obviously 
enormous advantages to working in a completely open 
atmosphere with the FCC and for this reason the shift 
to IRAC is not recommended. 
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The second possibility of a new category and a new 
agency is also considered to be inadvisable. The crea- 
tion of a new category and a new agency would further 
complicate the problem of government administration 
of spectrum allocations. Considerations of reallocation 
of spectrum space in the nongovernment bands would 
involve interactions between two Federal agencies which 
would inevitably slow the process and make more difficult 
the decisions. 

Accordingly, it is recommended that the public safety 
bands be retained in the nongovernment portion of the 
radio spectrum under the jurisdiction of the FCC. This 
recommendation rejects the suggestion that this band of 
frequencies be transferred out from under FCC control 
to the government portion of the spectrum. 

Consider now the third possibility, that of retaining the 
present administrative machinery, making only those 
changes necessary to improve the relative position of the 
public safety users. 


PROCEDURES FOR DEVELOPMENT OF QUANTITATIVE PRO- 
JECTIONS OF NEEDS 


With the exception of the Associated Public Safety 
Communication Officers (APCO), the organizations 
which provide guidance to the FCC in police communi- 
cations matters do so from the overall viewpoint of the 
land-mobile users. Further, industry is well represented 
in these other organizations which include the Land Mo- 
bile Advisory Committee of the FCC and the Land Mo- 
bile Section of the Electronics Industries Association. 
While there is no fundamental objection to industry 
working in support of public safety—and indeed the tech- 
nical personnel supplied by industry have made some out- 
standing contributions—the industry sales base in police 
communications is small compared to its sales base in 
commercial and industrial mobile communications. 

The only organization, then, that represents the police 
communications community directly is APCO. APCO, 
however, is a professional organization composed mainly 
of public safety communications personnel who pay their 
own dues to provide operating funds. There are some 
State, county, and municipal memberships (govern- 
mental) in Illinois, Arizona, and California, but for the 
most part the local governments provide no formal sup- 
port. While a greatly strengthened FCC field organiza- 
tion would relieve APCO of many of its radio spectrum 
user coordination responsibilities, such a development 
would represent outside monitoring rather than voluntary 
user cooperation and would represent a more expensive 
and probably less effective means of effecting an FCC 
user interface. APCO, presuming it can obtain the fi- 
nancial support to carry out the duties involved, is prob- 
ably the most logical organization to provide the FCC 
with continued projections of police needs and to guide 
the police community toward a unified approach to their 
radio-spectrum problems. In spite of these handicaps, 
APCO has frovided leadership in publicizing to the FCC 
the communications problems of public safety and the 
police. The organization supports a Washington-based 
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attorney to represent public safety interests to the FCC. 
APCO has neither the financial resources nor the person- 
nel, however, to prepare the detailed engineering analysis 
or economic studies which are so often required to pro- 
vide effective evidence in FCC dockets. While the serv- 
ice that APCO has been performing has been of unique 
value and should be encouraged, there is room for fur- 
ther steps to enable the public safety users to effectively 
present their needs. Accordingly, the following two rec- 
ommendations are made. 

It is recommended that the FCC seek to develop long- 
range predictions, with justifications, of the communica- 
tions needs of the police. 

It is recommended that the FCC inform the various 
States and the heads of local governments in the large 
metropolitan areas that they will, in the future, be 
expected to provide justification for their radio frequency 
needs in the form of overall projected public safety 
requirements for the next decade. 

The problem in seeking to provide a single unified 
spokesman for the public safety community is twofold in 
nature. On the one hand, there is the division into 


departments of police, fire, highways, forestry, and conser- 
vation which tends to make coordination more difficult. 
On the other hand, the concept of coordinated public 
safety activities inevitably carries with it the woe 
of excessive governmental control. The recommen oe 
tions developed here have been made with these consid- 
erations in mind. . 

The projections of police and public safety user needs 
as made at the national level -will necessarily be nation- 
wide in scope. The congestion in the mobile bands is, 
however, very much a function of geography, being partic- 
ularly intense in metropolitan areas. ‘Thus, the pro jected 
needs derived at the national level should be amplified 
and detailed by local projections. Further, the existence 
of a body of documentation detailing the public safety, 
and in particular the police, requirements will serve to a 
large extent as a single voice for the public safety com- 
munity. While the industrial and commercial users of 
the spectrum will continue to have very vocal representa- 
tion before the FCC of their interests, the public safety 
requirements are such that they are very difficult to deny 
when justified. 


Appendix E 


ELECTRONICS EQUIPMENT ASSOCIATED WITH THE POLICE CAR 
By Raymond Knickel 
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Automatic Car Locators 


INTRODUCTION 


Senior police officials, in addition to being concerned 
about alleviating the spectrum congestion problem ex- 
pressed a need for a number of new electronic techniques 
and devices. These new techniques and devices would all 
in one way or another increase operational effectiveness or 
decrease costs. In the limited time available, the follow- 
ing were considered and are reported on herein: 


[] The potential for equipment standardization to 
reduce cost and ease maintenance and operations 
problems. 

(] The use of mobile teleprinters in patrol cars to 
provide officers with written instructions, and to 
reduce the likelihood of unauthorized intercep- 
tion. 

(] The advantages of utilizing microminiaturiza- 
tion techniques to design small personalized two- 
way radios for police use. 

( The advantages of car-locator devices and the 
techniques available for implementing car-lo- 
cator systems. 


As the result of the success of AID and the Association 
of American Railroads in standardizing mobile two-way 
radio equipment, it appears that a limited standardization 
program would provide substantial benefits to the police 
community, and that a limited standardization program 
could be undertaken immediately. The benefits of a 
broad standardization program are less certain. 

A number of manufacturers have recently developed 
teleprinters suitable for installation in_patrol cars. It 
appears that their use can do much to relieve the problems 


of frequency congestion, security, unattended operation, 
written records and instructions, and the problem of pho- 
netic errors with voice communications. Although some 
errors in transmission occur when teleprinter equipped 
patrol cars operate in urban areas while the vehicle is in 
motion, there are various error-correcting techniques that 
could be employed. The best means for operationally 
and technically integrating mobile teleprinters into the 
police communications system, including the most appro- 
priate error-reducing techniques, still need further study. 

Some phrases that are frequently used in police com- 
munications have been coded and are widely used to 
speed communications and increase accuracy. Simple, 
coded, switch-operated signal devices could be designed 
to transmit these standard phrases in digital form. The 
devices could ultimately improve network efficiency and 
provide direct communication between a police officer 
and acomputer. The potential uses for these coded sig- 
nal transmitting devices and their probable cost must still 
be defined. 

Presently available hand-held two-way radios for police 
use are unnecessarily expensive and cumbersome. M4i- 
crominiaturization techniques could be employed to 
greatly reduce their size, weight, and cost. Patrol car 
radios could be converted to radio repeaters for amplify- 
ing and relaying messages from small low-powered units 
carried by the officer when he is away from his car. Con- 
trary to popular belief, there are indications that hand- 
held units might provide more reliable communications on 
higher frequencies such as 960 MHz, particularly when 
trying to communicate from the inside of a building. Be- 
cause definitive data on this issue is lacking, however, a 
test program is needed to determine whether further re- 
ductions in size and more reliable communication could 
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result from using higher frequencies. The Federal Gov- 
ernment should assume the leadership in carrying out this 
test program, in bringing about the microminiaturization 
of hand-held two-way radio equipment and in developing 
methods for the officer away from his car to use his car 
radio as a repeater. 

There is a recognized need by the police community 
for a means of tracking and plotting the locations of 
police vehicles. It has long been assumed that for car- 
locator systems to be effective they would have to be ac- 
curate to within about one block. An analysis showed 
that most of the potential benefit of a car-locator system 
could be achieved with a system having an accuracy no 
better than a quarter of a mile, which opens the possi- 
bility of using techniques that had been previously con- 
sidered to be too inaccurate. 

A patrol car emitter-callbox sensor technique and a 
modified radar transponder technique, as well as other 
possible techniques, appear to warrant further study. 


POTENTIAL FOR STANDARDIZATION OF 
POLICE MOBILE RADIO EQUIPMENT 


Equipment is already standardized to a large extent in 
police radio but only because a few large suppliers domi- 
nate the field, as shown in table E-1. Their products 
become standard for the police department that uses 
them; replacement units purchased from any other sup- 
plier in a later year would be incompatible. 


Table E-1.—The Police Mobile Radio Market 


Gross sales per annum: Millions Percent 
Total land mobile radio sales__..___...-...-...--------_..- $170 100 
Total public safety radio sales___._._..........-.--...-.._- 30 18 
Motalipaliceiradionsales. 222 2 oe ee ae. 9.8 6 

Percent 
of total 

Suppliers: market 
NEIOmSuD pclae. ete. Soo RMe 5 ee e  T  AE 50 


2d major supplier___- 
3d major supplier___- is 
AULOUEN SUDPGISt 35.2. cape =n Leesan ns Se Roa aso 10 
Customers (police): : 
Approximately 40,000 separate police agencies, the few largest of which purchase 
perhaps $500,000 of radio equipment per year. 


The radio industry ' tends to argue against standardiza- 
tion beyond the electrical and performance standards 
provided now by the EIA. ‘These standards cover such 
topics as: 

Minimum power supply life; 

Average radiated power; 

Amount of spurious radiation ; 

Average radiation sensitivity. 
The police speak of standardization in terms of ease of use 
of operating controls, ease of maintenance, and ease of 
replacing one manufacturer’s equipment with that of 
another. 


POTENTIAL ADVANTAGES OF STANDARDIZATION 


There are a number of possible ways in which standard- 
izing equipment designs can lead to cost savings: 


1 Equipment standardization would allow com- 
munities, counties, and even States to combine 


their equipment procurements so that essentially 
identical equipment could be bought in large 
quantities by competitive bid. 

O Less test equipment, and in some instances 
simpler test equipment, would be required to 
maintain equipment in repair. 

0 A smaller variety and a smaller overall number 
of spare parts or interchangeable plug-in modules 
would have to be kept on hand if equipment were 
standardized. If all the communities within a 
metropolitan area used identical equipment, 
economies could be effected by combining their 
repair facilities. 

QO When improvements or modifications to stand- 
ardized equipment are required, identical modifi- 
cation kits could be procured in large quantities 
at a lower unit cost by combining the require- 
ments of several police organizations. 

O With only one type of equipment to repair, police 
radio technicians would require less training. 

XC) Even limited standardization could enable police- 
departments to avoid becoming “captive cus- 
tomers” of a single supplier because of previously 
having purchased equipment from that supplier. 


POTENTIAL HAZARDS OF STANDARDIZATION 


Despite the many genuine advantages of equipment 
standardization, there are also potential disadvantages. 
The major manufacturers of police radio equipment 
object strongly to equipment standardization. They 
argue that standardization would stifle their incentive and 
desire to keep improving their product. The manu- 
facturers point out that they spend a great deal of their 
own funds on research and development with the hope of 
bettering their equipment in some way which will give 
them an advantage over their competitors. 

Even if standardization were carried out in a very 
limited sense, such as requiring interchangeability of 
receivers, transmitters and power supplies, the manufac- 
turers claim that their efforts to develop improvements 
would gain them no rewarding competitive advantage. 
They argue that before they could market any new tech- 
nique, agreement would have to be reached by the pur- 
chasers to the effect that the proposed new technique 
should be made a part of the standardized equipment. 
The time required to reach such an agreement would give 
the competitors time to develop similar techniques. 

The manufacturers further state that at present they 
maintain large service organizations which provide much 
needed advice and assistance to police department tech- 
nicians. With standardized equipment and large, highly 
competitive purchases, the manufacturers could not be 
sure what the amount of their police radio equipment 
business would be. Consequently, they say that they 
would have to dissolve or greatly reduce the size and 
effectiveness of their present service organizations. This, 
they maintain, would require police departments to spend 
their own money to improve the quality of their repair 
service organizations. 


1 “Standardization for Police Communications,” brief survey of the problem sup- 
plied to Seience and Technology Task Force by the Motorola Corp., undated. 


The manufacturers also point out that several groups 
of mobile equipment users have in the past attempted 
to standardize equipment. They state that these attempts 
have, for the most part, ended in failure and generally 
have been abandoned. Cited as examples are the exper- 
iences of the Forestry Service and the Military Police. 

Although all of the above arguments have counter- 

arguments, it is obvious that standardization must be 
approached with caution. In the process of standard- 
izing equipment design, means should be found to reward 
manufacturers that develop improved designs or features. 
Standard equipment designs should be developed by 
engineers familiar with the operational requirements of 
police radio and with the caliber of maintenance person- 
nel available to police radio departments. 
_ Every attempt should be made in adopting standard- 
ized equipment to utilize designs that will be as simple 
and as easy to maintain as possible, thereby lessening 
dependence on the service organizations of the manufac- 
turers. : 

The hazards of standardization should not be risked 
where there is not a clear-cut advantage to standardiza- 
tion. Carrying standardization to the limit where every 
electrical component and its location is precisely specified 
could well result in the dire consequences of standardiza- 

tion predicted by the manufacturers. On the other hand, 
standardization to the point where police departments 
avoid becoming captive markets would certainly appear 
to be the minimum that should be considered. 


AID SUCCESS IN STANDARDIZING PORTABLE RADIO EQUIP- 
MENT 


The Telecommunications Branch of the Office of 
Public Safety of the Agency for International Develop- 
ment (AID), under the direction of Mr. Paul Katz, has 
designed a line of special radio transceivers primarily for 
service in Vietnam. These units have been made stand- 
ardized units by the AID Office of Public Safety and 
they are now scheduled for AID public safety programs 
in Costa Rica, Colombia, Thailand, Laos, and Guatemala. 
AID estimates that more than $4.5 million had been 
saved as of 30 March 1966 as a result of adopting these 
transceivers as standardized units for AID public safety 
programs throughout the world. 

The AID equipment was developed originally because 
available commercial equipment contained many expen- 
sive innovations that added to the weight and cost of 
the equipment and which were not needed in AID public 
safety programs. Furthermore, despite the expense and 
sophistication of the commercially available units, they 
did not satisfactorily fulfill the requirements of AID. 
AID required equipment that would be lightweight, 
capable of being carried on patrols, easily mounted and 
dismounted on a vehicle, usable as a base or relay station, 
capable of using regular batteries or house current, and 
low in cost. The AID design fulfilled these requirements 
and led to the significant cost savings. 

The large cost saving was derived from two aspects of 
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the equipment, being less sophisticated (e.g., it had no se- 
lective signaling capability), cost less to build. Secondly, 
by standardizing the units and by combining what other- 
wise would have been a number of relatively small indi- 
vidual procurements, AID was able to make one large 
competitive bid procurement. The result has been that 
AID now pays $146 for their hand-held units as compared 
to $650 to $700 for previously available equipment. 
Larger detachable mobile units now cost $215, compared 
to $850 for less versatile units formerly used. 

Very little has been sacrificed in the way of quality in 
the AID design. However, since the units were for use 
in sparsely populated areas having little industry, the spe- 
cifications are not as stringent regarding spurious oscil- 
lation as would normally be required for equipment to 
be used in the United States. Furthermore, the equip- 
ment does not have provisions for either the coded squelch 
or selective signaling feature used by many United States 
police units. 

AID, by developing standardized equipment and com- 
bining procurement, has managed to provide police radio 
equipment at approximately one-fourth the cost of com- 
parable nonstandard commercial units. Although the 
equipment specifications are not as stringent as those of 
domestic large city police forces, the equipment is of 
comparable complexity and quality. 


PROPOSED STANDARDIZATION PROGRAM 


A significant portion of the advantages of standardiza- 
tion could be achieved at a very early date, and with a 
minimum of effort, through a program of limited stand- 
ardization. The full benefit of standardization, based on 
equipment designs incorporating the latest and most 
modern techniques for enhancing the effectiveness of 
police communications, might require a broader and 
lengthier program of standardization. 


Limited Standardization Program 


The objectives of the limited standardization program 
should be to standardize equipment to the point that 
equipment units built by different manufacturers would 
be operationally compatible, electrically and physically in- 
terchangeable, and equipped with identical operating 
controls. This would include standardization of the fol- 
lowing aspects of equipment design: 


Sockets and plugs; 

Terminal strips and the utilization of the individual 
terminals; 

Housing dimensions; 

Mounting racks and base plates; 

Control heads; 

Technique used for selective signalling ; 

Crystals and crystal holders. 


The Association of American Railroads has successfully 
standardized its equipment so that all of its mobile radios 


the AID equipment development program. First of all, are electrically and physically interchangeable. They 
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have accomplished this by standardizing sockets, plugs, 
terminal strips, housing dimensions, mounting racks, and 
base plates. The Colorado Highway Patrol has designed 
a standard control head for its use. Police maintenance 
departments regularly modify different manufacturers’ 
equipment to make their selective signalling systems com- 
patible. Thus, the proposed limited standardization pro- 
gram has been demonstrated and is feasible. 

The program should be conducted in two phases: A 
study phase and an implementation phase. The study 
phase should analyze requirements and existing equip- 
ment and develop specifications for the aspects being 
standardized. The implementation phase should include 
the equipping of demonstration patrol car installations, 
the publicizing of the limited standardization program 
results, and distribution of limited standardization speci- 
fications. The patrol car mockup should include a 
standardized control head and modified conventional 
police radios. 


Broad Standardization Program 


The objectives of the broad standardization program 
would be to develop, over a period of time, a line of 
standard police radio equipment which would provide 
police with useful and reliable communications at low 
cost. 

The equipment should be designed to incorporate ad- 
vanced features as they become available and are needed 
by individual departments. In order to keep the equip- 
ment cost at a minimum, any unnecessary features should 
be eliminated from the basic design. In addition, there 
would have to be wide acceptance of the equipment so 
that it could be built in large quantity lots. 

Any such standardization program must be continu- 
ously reviewed in order that police radios keep pace 
with technological advances. The initial program defi- 
nition should seek to determine the extent to which 
standardization is feasible and to outline a program for 
achieving whatever degree of standardization is found 
desirable. The study should address itself to questions 
such as: 


[] How many different standardized transceiver 
models would be required to meet the needs of 
cities of different sizes as well as county and 
State patrol cars? 


[_] What aspects of equipment design (in addition 
to those in the limited standardization program) 
could quickly and easily be standardized? 


L] What features should the standardized equip- 
ment design have in order to accommodate possi- 
ble future innovations such as car locators, mo- 
bile teletype, spectrum conserving modulation 
schemes, car radio repeaters for patrolmen away 
from their car, and scramblers? 


(] What effect will microminiaturization and inte- 
grated circuitry have on the standardization 
program? 


* Niblack, D. L., ‘‘New Concepts in Mobile Control Console Design,” The APCO 
Bulletin, vol. 32, No. 9, September 1966. 


[] Should multichannel equipment design use the 
channel switching technique of present day po- 
lice equipment or should it use a technique sim- 
ilar to the automatic idle channel search of the 
Bell Telephone car radio systems? 


[_] Should standardization be accomplished by de- 
veloping a completely standardized line of equip- 
ments, or should individual submodules be 
standardized? 


[_] How can a continuing innovative interest by 
manufacturers be ensured? 


[|] How should the trend toward integrated com- 
munitywide police communication nets be re- 
flected in the standardized designs? 


DIGITAL COMMUNICATIONS IN THE POLICE 
MOBILE RADIO NETWORK 


Although voice is an indispensable mode of commu- 
nications for patrol vehicles, it has a number of problems: 


It is very wasteful of the already overcrowded radio 
frequency spectrum; 

It provides no protection against unauthorized inter- 
ception of official police communictaions unless 
expensive scramblers are employed; 

It does not provide a set of written instructions or 
a written record ; 

It is subject to phonetic errors; 

It cannot be received by an unattended patrol car 
without special recording equipment. 


Digital communications links that would augment the 
existing voice communication links could do much to 
alleviate these problems. Such digital links could be 
teleprinter links or coded signal device links, either of 
which could be one-way or two-way. 


TELEPRINTER LINKS 


In addition to meeting some of the problems of voice 
communications, two-way teleprinter links could connect 
a patrolman in a car directly to a computer so that he 
could check for wanted persons or stolen autos. 

A receive-only teleprinter in the patrol car would be 
much less expensive. Its main shortcoming would be its 
inability to address a computer directly. However, when 
the operational problems in having an officer typing out 
messages in a patrol car are considered, this shortcoming 
loses some of its significance. 

Most of the routine all-points communications traffic 
could be placed over a receive-only teleprinter link. A 
large percentage of police communications is of this char- 
acter, e.g., stolen car lists, report notices, and wants. 
Transmitting this information routinely over a narrow- 
band teleprinter channel frees the wider band voice chan- 
nel for more urgent communications, such as those con- 


cerning crimes in progress, pursuits, and so on. 
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Teleprinter or digital data communications are inher- 
ently more secure than voice, even without special en- 
cryption or scrambling. Monitoring of police commu- 
nications frequencies would become less productive to the 
criminal. Should criminals reach a new level of sophis- 
tication where even digital transmissions are detected and 
utilized, codes can be changed periodically by relatively 
simple and inexpensive schemes in order to maintain a 
high level of short-term security. 

With only minor changes to the law in many States, a 
radioteleprinter record can serve as a legal warrant of 
arrest, search, or seizure. For example, sections 850 and 
851 of the California Penal Code read as follows: 


850. A telegraphic copy of a warrant or an abstract of a 
warrant may be sent by telegraph or teletype to one or 
more peace officers, and such copy or abstract is as 
effectual in the hands of any officer, and he must 
proceed in the same manner under it as though he 
held the original warrant issued by a magistrate. An 
abstract of the warrant as herein referred to shall con- 
tain the following information: The charge, the court 
of issuance, the subject’s name, address and descrip- 
tion, the bail, the name of the issuing magistrate, 
whether the offense charged is a felony or misde- 
meanor, and the warrant number. 


851. Every officer causing telegraphic copies or abstracts of 
warrants to be sent, must certify as correct, and file 
in the telegraphic office from which such copies are 
sent, a copy of the warrant and must return the origi- 
nal with a statement of his action thereunder. 


There are at least four manufacturers that have built 
teleprinter receive-only units for mobile use. The in- 
stalled cost of the units is estimated to range from about 
$1,000—$2,000. 

In order to provide a two-way digital link, an encoder 
unit, in addition to the teleprinter receiver, would have 
to be installed in the patrol car. Encoder units for trans- 
mitting teletype from the car would cost from about 
$2,000 to $4,000. Two-way teleprinter links with pa- 
trol cars can be expected, therefore, to cost somewhere 
between $3,000 and $6,000 per car, including required 
modifications to the patrol car radio equipment. 

The signals required to operate a teleprinter machine 
consist of a sequence of current and no-current pulses, 
known as “mark” and “space”. Before these d.c. tele- 
printer signals can be transmitted over standard voice 
frequency communication channels, they must be con- 
verted to a.c. tone signals. This can be accomplished 
by one of two methods. The first method consists of 
keying a tone-oscillator On and Off, with presence or 
lack of a tone being used to indicate a mark or a space. 
The second method, known as frequency-shift keying 
(FSK), is to have the tone oscillator shift to a different 
tone or frequency whenever it is keyed, the presence of 
one frequency indicating a space and presence of the 
second frequency indicating a mark. or 

Regardless whether FSK or On-Off keying is used, 
the total bandwidth required to transmit telegraph at 
100 words per minute is in the order of 120 to 17 az: 

The average police radio transmission link can ac- 
commodate a bandwidth of at least 3,000 Hz. All that 
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is required for intelligible speech is 2,400 Hz. There- 
fore, through the use of filters, it is easily possible to add 
two teletype channels within the 3,000 Hz voice channel 
of existing police networks. If it were completely de- 
voted to teletype, one voice channel could accommodate 
16 teletype channels. Figure E-1 is a block diagram of 
how a teleprinter link might be instrumented. 

Although preliminary tests have been encouraging, 
there have been no conclusive tests as to the feasibility of 
operating mobile teleprinter links at the more commonly 
used police radio frequencies in the vicinity of 150 and 
450 MHz. Propagation in built-up areas at these fre- 
quencies is known to take place by reflection and scat- 
tering of the radio waves as they bounce off buildings and 
other reflecting objects. Asa result, the signal received at 
any point is actually the sum of several signals arriving via 
different paths. If the signals from the different paths 
all arrive in phase, the combined signal will be very strong. 
If all of the signals from the different paths are com- 
pletely out of phase, the resulting combined signal will be 
lost in the noise. Moving the antenna a fraction of a 
wave length, in this case only a few inches or a foot or two, 
can completely change the phase relationships of the ar- 
riving signals making the resulting signal either much 
stronger or weaker. 

Thus, the signal strength at the antenna of a car in mo- 
tion will be continually varying. With frequency modula- 
tion, which is universally employed by police units, these 
constant excursions in received signal strength are gen- 
erally noticed only when the signal drops so low that it 
cannot be detected. Even then, since this situation is 
usually only momentary, in voice communications only a 
part of a word is lost and the meaning is still conveyed. 
During the momentary signal fade, the patrol car re- 
ceiver emits a short burst of noise. Any data link, tele- 
printer, or coded signal device would respond to this 
noise and print some character that will almost always 
be in error. 

Since teleprinters for mobile use have only recently 
become available, there is insufficient data available to 
determine the extent of the problem of signal dropout 
errors. The only test results available merely confirm that 
there will be errors. During “Operation Corral” con- 
ducted by the New York City Police Department, tele- 
printers were installed in patrol cars. A transmission 
link operating at 155.70 MHz was used during the experi- 
ment. A number of errors were noted when the patrol 
cars were in motion, but no data are available on the error 
rate. 

There are techniques, both operational and technical, 
for reducing the error rate. One operational technique 
would be to send each character or message twice. Error 
correcting codes could also be used to reduce the error 
rate. 

Although it would add to the cost, the technique of 
space diversity reception could reduce the error rate sig- 
nificantly. This technique depends on the fact that if 
one antenna is in a signal null, it is very improbable that a 
second antenna placed a few feet away will also be in a 
signal null at the same time. Therefore, by using two 
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FIGURE E-1. POSSIBLE INSTRUMENTATION OF TELEPRINTER LINKS 
a SS... 
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GENERATOR FILTER 
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CODE BAND PASS 
GENERATOR FILTER 
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spaced antennas and by duplicating portions of the patrol 
car receiver, it is possible to combine the signals of the 
two antennas in such a way that if either antenna is re- 
ceiving a usable signal, the teleprinter records the cor- 
rect character. Error would result only during those rare 
occasions when both antennas are simultaneously in a null. 
The cost of implementing this technique is estimated to be 
in the order of $300 to $500 per car. The related tech- 
nique of frequency diversity, which uses two frequencies 
for each link, could also be employed. 


CODED SIGNAL DEVICES 


Much police communication with patrol cars is very 
stereotyped. Consequently, many standard phrases have 
been given numerical codes in order to speed communi- 
cations, to increase the accuracy of communications, and 
to provide some minimum degree of communication se- 
curity. It is possible to use digital techniques to trans- 
mit these coded phrases. This would speed the rate of 
transmission still further and at the same time add a 
significant degree of security to communications. Since 
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only about 100 different coded messages or phrases are 
used,* the bandwidth required would be very small. As 
with teleprinter links, it would be possible to add such a 
coded signal link to an existing voice channel link without 
noticeable degradation of the voice quality. The tech- 
nique employed would be similar to that shown in figure 
E-1 for teleprinter links. In this case, however, instead 
of a teleprinter device typing out the message, some sort 
of a display device would be used. 

Coded signal transmitting devices for field units are 
technically feasible. These units could improve network 
efficiency by forwarding such information as availability 
(e.g., out-of-service, occupied but available for priority 
assignments, available) , using the “10-series” of codes of 
the “APCO. Public Safety Communications Procedure 
Manual.” More complex units could permit commu- 
nication between a police officer and a computer. 

There is little information available upon which to base 
cost estimates for transmit type coded signal devices for 
vehicle use. If the number of coded signals were kept to 
about two or three, the device could easily be incorpo- 
rated into car-locator systems when they become avail- 
able. More complicated equipment capable of direct 


® Associated Public Safety Communications Officers, Inc., ‘“APCO Public Safety 
Communications Procedure Manual.” 


access to a computer could be expected to cost as much 
as several thousand dollars. 

Coded signal receiving devices, while technically feasi- 
ble, are operationally limited. Without a full alpha- 
numeric display, they cannot display names, addresses, or 
other information commonly transmitted over police 
radio circuits. Communications would be confined to 
those items in the code book. 

Cost estimates furnished by one manufacturer which 
builds signaling devices and a mobile teleprinter indicate 
that the mass-produced teleprinter is comparable in cost 
with the specialized signaling unit. A specialized receive- 
only signaling system would be cheaper than a teleprinter 
link only if teleprinters are produced in very small quanti- 
ties. A specialized signaling system probably is limited pri- 
marily to police users, who represent but a small percent- 
age of the total vehicular communications market to 
which teleprinters could be sold.* A mobile teleprinter 
has very broad use across many markets and is more likely 
to be mass produced. 


CONCLUSIONS 


Both teleprinter and coded signal device links with 
patrol cars are technically feasible. Although two-way 
teleprinter links are probably too expensive for general 
use at this time, there may be specific applications that 
would warrant their cost. 

Receive-only coded signal devices for vehicles would 
cost almost as much as a counterpart teleprinter link, and 
their utility would be so limited by comparison that their 
use would not seem to be warranted. 

Patrol car receive-only teleprinter links would cost be- 
tween $1,000 and $2,000 per car, depending on the elabo- 
rateness of the equipment (for instance, strip printers or 
page printers) and the extent to which it is found neces- 
sary to implement error correcting techniques. The ad- 
vantages to be gained through the use of patrol car re- 
ceive-only teleprinters warrants their consideration for 
general use. 

An operational evaluation should be undertaken to as- 
sess the advantage of mobile teleprinters for police opera- 
tions. If these are found to be significant, then a system 
design program would be needed to: 


(J Examine how mobile teleprinters can best be 
integrated into existing police voice communica- 
tions systems. 

(] Determine through analysis and test the magni: 
tude of the error rate problem in high multipath 
areas. 

[] Make a comparative evaluation of alternative 
error reducing techniques. 

[] Evaluate alternative methods for multiplexing 
teleprinter links within voice channels. 

(J Prepare equipment and system specifications. 


4 There were 205,872 mobile transmitters in the police service out of 4,765,722 


mobile transmitters in the total category of Safety and Special Radio Services at 
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SMALL PERSONALIZED RADIOS FOR POLICE 
USE 


STATEMENT OF THE PROBLEM 


Police contacted during this study were unanimous in 
expressing a need for a small, inexpensive, lightweight 
two-way radio for the officer on foot so that his actions 
can be coordinated through the appropriate headquar- 
ters. The car radio is useful to the mortorized patrol- 
man only when he is in the car. 

Regardless of his environment, an officer needs his 
communication link to report incidents, to call for help, 
or to request instructions. For instance, he may be in- 
side a building, he may be patrolling a beat in the center 
of a city, or he may be patrolling a tree-lined street in 
the suburbs. He must be able to operate this link even 
if he is engaged in a gun battle, has an unruly suspect 
in tow, or is in the midst of a riot. 

Portable equipment available today does not satisfac- 
torily fulfill this urgent need. It is too heavy, too bulky, 
too expensive, too awkward to operate, and does not pro- 
vide reliable communications from the inside of buildings. 
Even though existing transistorized units weigh only 2 
to 3 pounds, this is a burden when added to the other 
equipment that an officer must carry. 

Furthermore, existing units are awkward to operate in 
emergency situations, primarily because the officer must 
pull out the antenna and hold the unit so that the an- 
tenna is away from his body. Shirt sleeve, trouser leg, 
and earphone cord antennas have been developed, but 
they are very inefficient because of body shadow loss. 

Also, existing units for the officer on foot are too costly. 
The average unit with attachments generally costs from 
$500 to $750. Most police departments are not willing 
to pay this high a price even if they are willing to put 
up with the size and weight of the units. 

It would appear that existing technology can provide 
a partial, if not a complete, solution to this problem of 
portable radios for foot patrolmen. The technology of 
microelectronics employing integrated circuits can greatly 
reduce the size and cost of units. 


POTENTIAL FOR THE APPLICATION OF MICROELECTRONICS 


Microelectronics is already revolutionizing many sec- 
tors of the electronics industry. Microelectronics, 
through the use of integrated circuits, can dramatically 
reduce the size and weight of electronic equipment. At 
the same time, this miniaturization results in increased re- 
liability. Perhaps the most significant advantage of these 
new circuits, however, is that they can be produced 
cheaply. 

Leading microelectronics manufacturers agreed that 
microminiaturized versions of currently used police units 
would weigh about 12 oz. and could be manufactured at 
a cost of about $150 in lots of 20,000 or more. This 
would represent a reduction in cost by about four-fifths 


the end of fiscal year 1965 (31st Annual Report of FCC for fiscal year 1965, 
p. 146). 
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and a reduction in weight by about two-thirds. Possible 
size, weight, and power characteristics of a microminiatur- 
rized version of present day equipment would be as 
follows: 


2 watts. 
75 milliwatts. 


Radio frequency power output___________ 
Audio power outmute ees 2 =e 
Transmitter efficiency of power consump- 


tlon———____________ = 50 percent. 
Battery wetght= iss) So) se ee = (33 Ibs. 
Notaewetghip © Ae = soekue so < (0.75 lbs. 
Cost per unit (in quantities of 20,000 or — 

NUCON(E) ta Was ne eS ie is See t = $150. 


CHOICE OF OPTIMUM FREQUENCY 


One of the first steps in the design of portable radio 
systems would be to compare radio link performance at 
the different frequencies that either are now available or 
could be made available to the police in the future. For 
example, operation at higher frequencies might mean less 
efficient transmitters, more efficient transmitting and re- 
ceiving antennas, better building penetration, greater 
foliage loss, decreased receiver sensitivity, and less com- 
petition with industrial electrical noise. The combined 
net effect could be favorable or unfavorable. There are 
some indications that if small personalized two-way ra- 
dios were operated at higher frequencies, such as 960 
MHz, there might be a net improvement over the pres- 
ently used lower frequencies, especial'y when trying’ to 
communicate from inside buildings. Motorola Corp. 
reported in an in-house paper ° as follows: 


One effect noted in making our urban area tests was the 
ability of the 900 mc signals to penetrate into tunnels. 
Comparison tests with 160 mc signals showed that certain 
viaducts would attenuate 160 mc signals almost completely 
100-200 feet inside the tunnel while the 900 mc signals 
provided satisfactory performance 400 to 500 feet inside the 
viaduct. Actually the viaduct was only about 1,000 feet 
long and it was not possible to get more than 500 feet from 
an entrance. 


Another Motorola in-house report ° on this same series 
of tests reported successful communications at 960 MHz 
from a test vehicle parked 40 feet underground in a park- 
ing garage. Bell Telephone Laboratories found in a 
series of tests run in 19527 that 900 MHz is to be favored 
somewhat for mobile communications over 150 MHz 
from a transmission standpoint if full use is made of the 
possible antenna gain. In comparing the building pene- 
tration capability of 35 MHz and 150 MHz, Bell Tele- 
phone Laboratories found that the expected range of 
coverage into buildings is somewhat greater at 150 MHz 
than at 35 MHz.* Police and others consistently report 
better operational results from within buildings at 450 
MHz than at 150 MHz. 

These results could be explained by theorizing that the 
windows and other apertures of buildings, being large in 
comparison to the shorter wave lengths, become more 
transparent and that the hallways of buildings act as ducts 
for the radio frequency energy much as a wave guide 
operates above cutoff. 


Unfortunately, there is no thoroughly collected data 
on the extent to which the higher frequencies outperform 
the lower frequencies with regard to building penetra- 
tion. If experimental results verify that building pene- 
tration at the higher frequencies is substantially better 
than at the lower frequencies, it should be possible to 
design equipment which would be much less awkward to 
operate in emergency situations and would provide much 
more reliable communications from inside buildings. 
More efficient operation at the higher frequencies could 
result in further reductions in battery size and cost over 
that achieved by microminiaturization alone. With 
microminiaturized equipment, battery weight and cost 
represent a large portion (perhaps in the order of 40 
percent) of the weight and cost of the entire unit. 

There are reasons other than improved building pene- 
tration why the higher frequencies might be superior. 
For ease of operation, the equipment should be capable 
of being “worn” on the officer instead of being hand- 
held. At 150 or 450 MHz, some sort of trouser leg or 
microphone cord antenna is required, resulting in about 
8 or 9 db body shadow loss. In addition, at 150 MHz, 
because there is no effective ground plane and the an- 
tennas do not even approach a quarter wavelength, the 
antennas are 8 to 15 db less efficient than a dipole an- 
tenna. At 450 MHz such antennas come within 2 or 3 
db of regular dipole performance. 

At a frequency of 1000 MHz, a quarter-wave dipole 
antenna would be only 7.5 cm., about 3 inches, long. The 
antenna could easily be worn on the shoulder or the top 
of a policeman’s helmet with a small metal plate as a 
ground plane. Such an antenna could have a perform- 
ance at least equal to a simple dipole and it probably 
would be possible to provide scme gain in the horizontal 
plane, yielding another 1 or 2 db of improvement. 

Therefore, by having a more efficient antenna and 
avoiding body shadow loss, it appears that antennas at 
1000 MHz could be made 17 to 26 db better than current 
150 MHz body-worn antennas, and 11 to 14 db better 
than current 450 MHz body-worn antennas. Table E-2 
summarizes how some of these performance factors vary 
with frequency. 

A factor militating against higher frequencies is that 
foilage loss tends to increase with frequency. There 
could well be other factors that would militate either for 
or against going to higher frequencies. 

To resolve this frequency question, test data must be 
collected. The test program required to gather the nec- 
essary data would be similar to those conducted by 
L. P. Rice in 1959® and by W. Rae Young in 1952,% 
but expanded to cover the frequency range to 3000 MHz 
and to include use within buildings. 

Since building penetration would vary from building 
to building, and between locations within buildings, a 
large number of readings would have to be taken to pro- 
vide a good statistical data base. Signal strength read- 
ings would have to be taken in several typical buildings 
and at several locations in each of the buildings. These 
would have to be repeated on about five different frequen- 
cies between 150 MHz and 3000 MHz. Signal strength 


°C. J. Schultz, “Is 960 Me Suitable for Mobile Operations’’; Motorola Corp. 

"C. J. Schultz, Motorola in-house report, undated, titled ‘900 Mc, a Vehicular 
Survey.” 

7W. Rae Young, Jr., ‘Comparison of Mobile Radio Transmission at 150, 450, 900, 
and 3700 Me™’; Bell System Technical Journal; November 1952; pp. 1068—1085. 


“L. P. Rice, ‘Radio Transmission into Buildin s at 3 4d 
System Technical Journal, January 1959, Pe Pe eel 

°L. P. Rice, op. cit. 

10 W. Rae Young, Jr., op. cit. 
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Table E-2.—Performance Factors vs. Frequency of Portable Police Radio Equipment 


Body-worn antenna 
Frequency 42% Industrial and man-made noise Foliage loss Building penetration ability 
Gain with respect to Body shadow loss 
a half-wave dipole 
SOI HZ eee —8 to —I15db_____ —8 to = db Gols leg or Appreciablowae-s:-*-2-"). eee Uncertain... .-==----- Uncertain. 
earphone cor: 
ASO 2s eee = eee —2 to diab —8 to ae db tral leg or Less than at 150 MHz__________ | More than at 150 MHz__| Known to be better than at 150 MHz. 
earphone cor 
ScOIMHz yess eee ~0 to +1db_._____ ~0 db (head or shoulder antenna)____| Less than at 450 MHz._________ More than at 450 MHz_. aeons of being better than at 
| fs 
20Q00KN z= one ~0 to +3 db_______ ~0 db (head or shoulder antenna)____| Probably less than at 960 MHz_| More than at 960 MHz_.. Uncertain. 


versus range should be determined by taking measure- 
ments Over about 20 different distances, varying from a 
few tens of feet out to about 15 miles. 

Other steps that could be taken in approaching the de- 
sign of portable radios for officers on foot would depend 
on whether the units were to be used by foot patrolmen 
or by motorized patrolmen while away from their vehicle. 
These two cases will therefore be treated separately. 


COMMUNICATIONS FOR THE POLICE OFFICER AWAY FROM 
HIS VEHICLE 


Since a motorized officer is almost always within a few 
hundred feet of his patrol car, its relatively reliable com- 
munications set suggests that his portable radio take ad- 
vantage of the communications available in the car. 
Possible means of accomplishing this are as follows: 


[] Having the car radio detachable so that the of- 
ficer can carry it with him. 

(] Having the car receiver unit detachable and pro- 
viding the officer with a short-range transmitter, 
the signal from which would be rebroadcast by the 
car’s transmitter. 

(] Developing a simplified transceiver to communi- 
cate with a like unit in the car that would 
be connected to the car’s two-way radio for 
rebroadcasting. 

[] Having a car radio capable of being switched to 
a simple repeater mode and providing the officer 
with a transceiver operating on base-station 
frequencies. 

(] Developing a simple short-range signaling device 
that could signal the car and trigger an automatic 
call for help. 


The Single Frequency Repeater Problem 


The above techniques, except for the first and the last, 
would use the patrol car radio as some form of a radio re- 
peater, with the car receiver audio output switched into 
the car transmitter microphone input. This requires that 
the repeater’s transmitter operate on a different frequency 
from the repeater’s receiver in order that the transmitter 
signal not block the receiver. However, many police radio 


: : : : 
networks operate in a simplex mode in which each car's 


transmitter and receiver do operate at the same frequency. 
Furthermore, the car radio units are usually designed so 
that switching of receiver and transmitter frequency 1s 
performed simultaneously with the turning of one switch 
so that the transmitter and the receiver automatically stay 
tuned to the same frequency. There are three possible 
techniques for coping with this problem: 


(] Use fairly complicated time sharing and signal 
sampling techniques to switch the receiver and 
transmitter portions of the repeater alternately 
on and off at an ultrasonic rate, thereby permit- 
ting single frequency repeater operation. 

1 Have police networks operate in a duplex mode. 

[] Modify two-way car radios so that the frequency 
of receiver and transmitter portions can be 
switched separately. 


The first technique would be too expensive. The sec- 
ond technique would be wasteful of radio spectrum and 
may introduce the operational disadvantage of hindering 
car-to-car communications. The third appears relatively 
easy to accomplish; it does require extra frequencies link- 
ing the car and the patrolman, but acquiring frequencies 
for such short-range use with low power should not be a 
serious problem. 


Detachable Car Radio 


The concept of a detachable car radio has the obvious 
appeal that it requires no additional frequencies and it 
avoids the single frequency repeater problem. The only 
additional equipment would be a portable antenna and 
a snap-on battery power supply. 

There are, however, serious disadvantages in this tech- 
nique: 


( Even with fully transistorized mobile transceiv- 
ers, the set would be cumbersome in size and 
weight. 

[] The detached unit probably could not include 
the final amplifier on the car transmitter and it 
would, therefore, be a comparatively low power 
unit. 

(] If the car transceiver is operating at a frequency 
that is less than optimum for transmission from 
within buildings, communications _ reliability 
would be unduly impaired. 
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Detachable Car Receiver 


This approach is diagramed in figure E-2. The regu- 
lar car radio receiver operating at frequency f, would be 
detached and serve as the receiver unit to be carried by 
the officer. It would be powered by a snap-on battery 
pack. The officer would also be supplied with a small, 
inexpensive, short-range transmitter (TJ) to transmit 
to a small receiver (R;) installed in the car. The output 
of receiver R; would feed into the regular car trans- 
mitter for retransmission to the base station. 

Although this method requires an additional hand-held 
transmitter and an additional receiver unit for the car, 
it is presumed that units could be developed for this pur- 
pose that would be relatively simple and inexpensive. 
This is because the T; to R; link (fig. E-2) would always 
be very short and could be at whatever band of frequen- 
cies is found to be optimum for communicating from 
within buildings. This would mean that the transmitter 
T’; could have very low power output and the receiver 
R; could be relatively insensitive. The advantages and 
disadvantages are compared in table E-3. 

As an alternative, the officer could be provided with 
only the transmit capability, T; in figure E-2, and a call 
to him on the radio could be signaled by remotely sound- 
ing the horn or siren of his car. 

The possible problem of “active multipath intermodu- 
lation” warrants some consideration. It is conceivable 
that two or more patrol cars in range of a patrolman’s 
hand-held units might have their radio equipment 
switched into a repeater mode. Even though the trans- 
mitters are crystal controlled and presumably operating 
on the same frequency, they would almost certainly be 
separated in frequency by several cycles. Reception 
of two signals of about equal intensity separated in fre- 
quency by only several cycles would result in severe in- 
termodulation and probable loss of intelligibility. It may 
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Table E-3.,—Evaluation of Detachable Receiver 
Approach 


Advantages 


Shortcomings 


Provides the officer away from his car with 
the use of the high-powered transmitter 
in his patrol car. : 

Officer-to-patrol-car link can operate in 
optimum frequency band. ’ 

Takes advantage of patrol car receiver. 

Can utilize relatively low power hand-held 
transmitter. ‘ ‘ 

Car receiver (23) can be relatively inex- 
pensive, insensitive receiver. 

Car receiver (R3) would operate on a 
different frequency than the car trans- 
mitter thereby automatically solving the 
single frequency repeater problem. 


Requires assignment of an extra frequency 
for the officer to patrol car link. 


Requires an extra transmitter and extra 
receiver even though they may be rel- 
atively inexpensive. _ 

Officer’s hand-held receiver must operate 
on the base-station frequency, which may 
not be an optimum frequency for com- 
munication to the inside of nO 

A snap-on powerpack and antenna must be 
attached to the car radio receiver when 
removed from the car. ‘ ; 

May require the use of selective coding 


techniques to avoid the ‘‘active multipath 
intermodulation’’ problem. 


be possible to handle this problem by means of operating 
circuit discipline, or if further analysis shows that this is 
not sufficient, selective coding techniques can be employed 
so that the hand-held unit would turn on only the one 
repeater as intended. 


Simplified Transcewer 


Another technique is pictured in figure E-3. This 
method would theoretically provide the most reliable 
communications since equipment in the car would be 
used as a repeater for both outgoing and incoming trans- 
missions. ‘This method would involve providing the 
patrolman with a small inexpensive transceiver and in- 
stalling a similar unit in the car, which would be con- 
nected to the car’s regular car two-way radio as shown in 
figure E-3. 

Compared to the previous concept, this mode avoids 
engaging and disengaging the regular car receiver and 
the portable powerpack. It would normally require two 
additional frequencies for the officer-to-car link unless 
special circuitry were used that would enable operation 
with one additional frequency. The regular two-way 
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car radio would have to have an additional transceiver 
capable of linking up with the portable transceiver. ‘This 
method may also require the use of selective coding tech- 


niques to avoid the “active multipath intermodulation” 
problem. 


Car Radio Converted to a Simple Repeater 


For radio networks operating in a duplex mode, the 
output of the car receiver could be connected to the trans- 
mitter microphone jack, thereby converting the two-way 
car radio into a simple repeater. (See fig. E-4.) The of- 
ficer would be provided with a small, short-range, inex- 
pensive transceiver which would use the same receiving 
and transmitting frequencies as the base station. This 
method would not work with simplex communication 
networks where both receiver and transmitter frequencies 
are the same. 

With this method, every transmission by the base sta- 
tion, as well as every transmission by the patrolman, would 
be retransmitted by the car radio on its regular trans- 
mitter frequency. No additional frequencies would have 
to be assigned. The only additional equipment required 
would be a relatively low power hand-held transceiver 
to be carried by the officer. 


Use of Simple Short-Range Signalling Devices 


For distress calls, the officer away from his car could 
be provided with a very simple low powered transmitter 
(T;). When the officer presses a button, the transmitter 
would send a coded signal to the companion receiver 
(R;) in the patrol car (fig. E-5). Upon receiving a 
signal of the proper code from 7’, the patrol car receiver 
(R;) would activate a switch that would cause the patrol 
car transmitter to broadcast an automatic call for assist- 
ance. This has the clear advantage that the very nar- 
row bandwidth of the radio control link signal permits a 
design that could greatly increase the sensitivity of the 
control link receiver, and thus the link could operate 
with a very low power hand-held transmitter. It has 
the obvious disadvantage that the officer cannot describe 
his predicament and cannot receive an acknowledgement 
that this call has been received. The dispatcher must 
rely on a previously reported location. Although ex- 
pected to be inexpensive, the radio control link would 
require an additional hand-held transmitter and an ad- 
ditional receiver in the car. 


CONFIGURATION FOR THE CAR RADIO CONVERTED 
TO A SIMPLE REPEATER 


FIGURE E-4. 
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FIGURE E-5. CONFIGURATION FOR SHORT-RANGE 
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Use of Fixed Repeaters 


Although all of the methods for utilizing the patrol car 
radio as a repeater would greatly improve the communi- 
cations available to the patrolman away from the car, the 
methods all share some important disadvantages: 


All methods require at least some modification to 
the patrol car radio. 

In high multipath areas such as in downtown 
areas, there are numerous “dead spots”; further- 
more the location of these dead spots can change 
when nearby vehicles are moved. Therefore, there 
is a possibility that a patrol car may be ineffective 
as a repeater because it was inadvertently parked in 
a dead spot. 

Because of the low height of the patrol car an- 
tenna, it is not an ideal repeater. 


The above disadvantages raise the possibility that other 
methods may be superior to using the car radio as a re- 
peater. These would include the possibility of a hand- 
held transceiver linking the patrolmen directly to head- 
quarters or to strategically located fixed repeaters. It 
would not be practical to communicate directly to head- 
quarters in large cities where the patrolman might be 
inside a building that is several miles from headquarters. 
On the other hand, smaller cities may find this method 
both practical and economical, as exemplified by the 
experience of Berkeley, Calif. 

The use of fixed repeaters would be particularly prac- 
tical in cities such as Washington, D.C., which have 
already installed a system of repeaters for their foot 
patrolmen, who are equipped with hand-held trans- 
ceivers. 
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Conclusions 


There are a number of methods by which the officer 
away from his patrol car could be provided with relatively 
reliable communications by using the patrol car radio as 
a repeater station. Virtually all such methods require the 
assignment of additional frequencies and some modifica- 
tion of the patrol car equipment. Each of the methods 
must still be evaluated in terms of performance and cost, 
both of which depend on the extent to which microminia- 
turization and integrated circuitry can reduce the size, 
weight, and cost of the officer’s hand-held equipment. 

Once the frequency tests discussed previously are con- 
ducted, it will be possible to prepare equipment perform- 
ance specifications for various situations. These could 
then lead to a development and production program pro- 
viding microminiaturized hand-held units for less than 
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COMMUNICATIONS FOR THE FOOT PATROLMAN 


The approach to a design of a portable radio trans- 
ceiver for foot patrolmen would be very similiar to that 
discussed above. There are, however, important dif- 
ferences. ‘The foot patrolman’s equipment has to com- 
municate over a greater range since he does not have a 
nearby vehicle whose radio could serve as a repeater. Al- 
though foot patrolmen have a genuine need to be able to 
communicate from the inside of buildings, they do not 
have the need on as many occasions as does the motorized 
patrolman. In short, compared to the motorized patrol- 
man, the foot patrolman is more interested in range of 
communications and slightly less interested in being able 
to communicate from the inside of buildings. 

Although the foot patrolman most likely cannot take 
advantage of a nearby car radio repeater, fixed station 
repeaters can be located at frequent intervals throughout 
a city so as to reduce the power and range requirements 
of the portable radio. This, in turn, reduces the size, 
weight, and cost of the units. 

There is a tradeoff to be made between the number of 
repeaters installed and the radio frequency power output 
requirement of the handheld transceiver. Practically 
speaking, there would be little advantage in reducing 
power output requirements below 100 milliwatts because 
at that point the microphone, speaker, case, and antenna 
become dominant size and weight factors. Regardless 
of the extent to which the transceiver is miniaturized, the 
battery becomes unduly heavy and cumbersome in units 
above about 2 watts of power output. 

Determining the number of repeaters to be used would 
appear to be a matter of making a simple cost compari- 
son to find the point between 100 milliwatts and 2 watts 
where the cost of the system (repeaters plus transceivers ) 
becomes the lowest. ‘To accomplish this tradeoff analy- 
sis, it is necessary to have more factual data on the opti- 
mum frequency to be used and on how signal strength 
varies with range in the communications environment of 
a police officer. 


The theoretical line-of-sight range can be shown not to __ the required equipment. 


be a limiting factor in the communications range of a 
typical portable police radio transceiver. For example, 
a typical unit would operate at 150 MHz and have I watt 
of power output. It would transmit to a receiver having 
a sensitivity of 1 microvolt. Under these circumstances, 
the freespace range of communications is over 1,100 miles. 

Considering that police often have difficulty transmit- 
ting more than a few blocks, it is obvious that factors 
other than transmitter power output and receiver sensi- 
tivity are primarily responsible for limiting the range of 
communications at these frequencies. Even if we assume 
that the line-of-sight horizon limits the range of com- 
munications, that a portable transceiver is held at a 
height of 6 feet above the ground, and that it is trans- 
mitting to a base station with an antenna height of 50 
feet, the horizon-limited line-of-sight range is 13.5 miles. 

In actual practice, even a range of 13.5 miles would 
seldom be achieved with a portable police unit. The 
reason is that foot patrolmen are normally trying to com- 
municate in an environment where the line-of-sight path 
from their transceiver to the receiving unit is blocked by 
buildings, hills, towers, trees, etc. Communications be- 
tween the two units is possible then only by virtue of 
scattering and reflections from these obstacles. 

This serves to emphasize the need for performing a 
statistical analysis of actual field measurements to provide 
the data necessary for a realistic prediction of useful 
ranges for hand held transceivers. 

In order to develop performance specifications for foot 
patrolmen radios and for the design of city networks, 
field data will be needed on reliable communication range 
as a function of frequency and power output and on the 
costs of transceivers and repeaters. 

Design of radio systems for the foot patrolmen should 
be related to the handheld equipment for use by officers 
away from their cars. If the method selected turns out 
to be that of providing the officer with a hand-held trans- 
ceiver, then it would be advisable to combine the two spe- 
cifications. It might be advisable, however, to have two 
versions of the same equipment: The unit for motorized 
partolmen might have a low power output, and the one 
for the foot patrolman higher power, 

If the performance specifications for the two types of 
units are similar, their developments should be combined. 
If the two units are considerably different, two separate 
development programs might be needed. 

To bring this about, the Federal Government could 
initiate a survey to determine the size of the immediate 
market and also the technical specifications which the 
product should satisfy in order to qualify for the market. 
The results of the survey could then be made available 
to industry in the expectation that the competitive proc- 
ess would bring about the remainder of the development. 

The Federal Government might also initiate a program 
to develop working prototype equipment. The highly 
successful program of AID in developing a standardized 
portable radio unit followed this basic approach. 

Finally, it might be hoped that the exposure of the 
problem here will be sufficient to spur industry to develop 


AUTOMATIC CAR LOCATORS 


INTRODUCTION 


a 


Reducing the response time in getting field units to the 
scene upon receipt of a call from a citizen has been shown 
in chapter 2 to be related to improving the probability 
of making an arrest. There are frequent instances when 
an unnecessarily long response time results from assign- 
ing a patrol car that may falsely appear to be the closest 
available patrol car. Automatic patrol car locators could 
reduce this problem. 

At present, the locations of various patrol cars within 
a city are known only to the extent that they are patrolling 
in an assigned sector. As a result, the location of a patrol 
car is actually known only to within 1 to 4 miles traveling 
distance of its presumed location. Therefore, when han- 
dling an emergency call a dispatcher often requests any 
car in the vicinity of the incident to respond. This usually 
results in an unnecessarily large number of cars respond- 
ing, with the closest car generally being one of the units. 

There are many instances, however, when the closest 
car does not respond. For instance, a motor patrolman 
may not be aware that he is the closest available car to 
the scene. It was shown in chapter 2 that many calls that 
are classified as routine actually escalate into emergency 
situations before the police arrive. In the case of routine 
calls only one particular car is assigned and it often oc- 
curs that the car that is assigned is actually not the closest 
car. Car locator devices would make it possible to select 
and assign the closest available car. 

Of equal significance, however, is the fact that car lo- 
cator devices make possible more detailed control of the 
mobile forces. Knowing the locations of cars permits 
an intelligent redeployment of forces as emergency situ- 
ations develop, avoiding overresponses and underre- 
sponses and the possibility that sections of a metropolitan 
area may be inadvertently left without police protection. 
For example, a report of a suspected burglary in progress 
is one of those cases that usually results in an unnecessar- 
ily large number of patrol cars responding to the scene. 
Car locator devices would permit assignment of the two 
or three cars closest to the scene, and if advisable, other 
cars could be strategically deployed along likely escape 
routes. 


RESOLUTION REQUIREMENTS 


The accuracy of resolution required is one which will 
reduce, to some acceptably low level, the probability of 
assigning the wrong car. As the number of available 
cars is decreased, the advantages of accuracy become less. 
In the extreme case of there being only one car available, 
accuracy becomes of no consequence since that one car 
is, automatically, the closest available car. 

Dr. Mandell Bellmore performed an analysis to esti- 
mate the accuracy that would be required in any car 
locator system. This analysis assumes that the measure 
of the value of the police dispatcher knowing the exact 
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to which it would enable him to dispatch cars in a man- 
ner which would reduce the travel time associated with 
a request for police service. For purposes of the analysis, 
two systems were studied and compared. The first system 
is similar to the normat situation where the dispatcher 
does not have the information that a car locator would 
provide him. The second system simulates the situation 
where the dispatcher would have the use of a car locator 
having some specified accuracy of resolution. In both 
systems, cars were assigned to square beats. Each car is 
instructed to patrol its beat in an essentially random man- 
ner so that it is not possible to predict its exact location at 
any instant. For ease of discussion, assume that the beats 
are numbered (i.e., Beat 1, Beat 2, etc.). 

Assume that a call for police assistance is requested 
from a location in Beat 10. In the first system the dis- 
patcher assigns the car in Beat 10 to answer the call, pro- 
viding it is available; in the second system the dispatcher, 
based on car locator information, assigns the car which 
is available and he believes to be closest to the location 
requesting assistance. 

To determine the effect of car locator accuracy on 
the system, it is assumed that each beat is broken into 
square subbeats, or resolution cells. The car locator system 
can determine a car’s subbeat but cannot specify its lo- 
cation within the subbeat. 

The situation examined is illustrated in figure E-6, 
which depicts two adjacent square beats with car locator 
resolution distance one-third the beat size. We define 
“resolution”’ to be: 


r=R/B 

7= resolution 
?=resolution distance 
B=beat size 


where: 


It should be noted that “resolution” as defined here for 
purposes of this analysis differs from the usual definition 
of resolution, since a larger value of resolution here 
implies more coarse, position determination. This is 
shown in the two extreme cases: If R=1, then the dis- 
patcher has no more knowledge in the second system than 
the first, and the two are identical. When r=O, then 
the dispatcher has perfect knowledge of the location of 
all cars and this corresponds to an error-free car locator 
system. 

The measure of effectiveness chosen to compare systems 
is the difference in distance that must be driven to answer 
a call for police assistance. That is, the difference in 
distance between the car that the dispatcher assigns to 
the call and the car which is in fact closest to the call. 
To approximate the driven distance, distance is measured 
as the sum of the north-south distance and the east-west 
distance as is also illustrated in figure E-6. Time lost 
can be calculated from this measure by dividing by the 
unit’s average speed. 

The systems described were simulated on a digital com- 
puter. A square area containing 144 beats was simulated. 
Cars were assigned locations randomly within their beats. 
An out-of-service rate was specified for each run. A uni- 
formly distributed random number between 0 and | was 


location of the patrol cars in his district was the extent 
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FIGURE E-6. CAR LOCATOR CONCEPTS 
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drawn for each car and if the number was less than the 
out-of-service rate, then the car was assumed to be pre- 
viously committed and not available for answering a call. 
A call for service was then generated randomly within 
the area being simulated. The closest car which was 
available for service was determined and the actual dis- 
tance between the call for service and the closest car was 
calculated. The car which the dispatcher believed to be 
closest under each assumed set of conditiorfs was then de- 
termined. The distance between this car, believed to be 
the closest, and the call for service was then calculated. 
The difference, if any, between these two distances was 
calculated and recorded. The entire process was repeated 
100 times and then new parameters (i.e., resolution dis- 
tance and out-of-service rate) were read in and the simu- 
lation run again until all parameter sets had been 
evaluated. 

The results of the simulation model are summarized 
in figures E-7 through E-9. These figures give the 
frequency of additional driving distance caused by as- 
signing the wrong patrol car as the result of not having 
a perfectly accurate system. The curves show the addi- 
tional distance traveled as the result of having different 
degrees of accuracy. The distance shown in these figures 
has been normalized to the beat width. 

To obtain the actual distance one must multiply the 
distance read from the graph by the beat size (i.e., the 
length of one side of the square beat). If the beat was 
1 mile by 1 mile, then the normalized distances are equal 
to the actual distance. From this figure it is seen that for 
a |-mile beat size with 80 percent of the cars out of serv- 
ice, and with a resolution of | (i.e., no car locator) then 
15 percent of the time there is at least 0.3 additional miles 
traveled which could be saved by a car locator. If the 
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beat were 2 miles by 2 miles then the additional distance 
would be 0.6 additional miles. 

Note that approximately all the value of a car locator 
is obtained with a resolution of about 0.2. That is, if the 
beats are 1 mile by 1 mile, the subbeats should be % 
mile by ¥% mile. Furthermore, resolution of 0.4 appears 
acceptable if there would be a dollar savings obtained 
by going to 0.4 resolution. This is particularly true for 
the higher out-of-service rates. 


SOME POSSIBLE LOCATOR TECHNIQUES 


With these relatively loose accuracy requirements, 
several car locator system designs can be considered. 
Four techniques show promise of providing the necessary 
accuracy at an acceptable level of cost: 


[_] A system of patrol car emitters and callbox 
sensors. 

|] A modified radar transponder system. 

L] A medium-frequency radio-direction-finder sys- 
tem. 


|_| A car-borne position computation and reporting 
system. 
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Patrol Car Emitter-Callbox Sensor System 


In this system each car would carry some kind of mag- 
netic, acoustic, or radio emitter that could be detected 
by a sensing device located in police callboxes. For ex- 
ample, the emitter could be a very low power electromag- 
netic radiator whose output could be detected by very 
simple receivers located in police department callboxes, 
fire department callboxes, or both. Information gathered 
by the sensors could then be sent back to the communi- 
cations center over land lines. 

Operationally, the system could work in the following 
manner: The emitter in each car could be a very low 
frequency induction field device or a very low powered 
MF or VHF radio transmitter. The emitter could em- 
ploy solid-state circuit elements and operate from the car 
battery. It could be mounted near and operate in con- 
junction with the regular two-way radio and could share 
‘ts antenna. It would be designed to radiate so little 
power that it could be detected only within a few tens 
of feet of its antenna. At these power levels no FCC 
license would be required. Each car's transmissions 
would be continuously modulated by an identity code, 
either a selected combination of tones or a coded se- 
quence of pulses. While a solid-state or transistor type 
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modulator is preferred for reasons of reliability, long life, 
and compactness, it is also possible to provide a motor- 
driven keyer of the cam type such as that used in the 
coded fire alarm. 

Locator receivers, or sensors, could be installed in each 
police callbox. Whenever a police car passed a callbox, 
the locator receiver would detect the car’s coded signal. 
Depending on the exact design, the signal would most 
likely be demodulated at the callbox and would be au- 
tomatically sent to the dispatching center over the exist- 
ing callbox telephone line. At the dispatching center, 
the signal would be decoded to indicate identity and 
location. 

There are then many ways of displaying that basic in- 
formation. For instance, the decoded information could 
update the car location file ina computer. The computer 
could then generate a plan position display showing iden- 
tity and availability. Also, it would be possible to query 
the computer for the identity of the car at a given loca- 
tion or, conversely, for the location of any particular car. 
In either case, the computer could automatically select 
the car closest to any call for police assistance. 

Such a system could be used by passenger buses to sum- 
mon police assistance. A decoded bus emitter signal 
could be sent from the dispatching center to the bus com- 
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pany to alert them to the situation. The location of the 
bus could also be presented on the computer-driven 
display. 

In Washington, D.C., for example, there are approxi- 
mately 920 police callboxes (fig. E-10), about 14 per 
square mile or one every quarter of a mile. This would 
provide sufficient accuracy for patrol car location. If 
finer accuracy were desired, consideration could be given 
to locating sensors in the 2,000 D.C. fire callboxes. 

_If there were not a sufficient number of callboxes in a 
city, or if the callboxes use party line circuits, it may be 
necessary to use carrier derived circuits which can be 
superimposed upon existing physical circuits, such as fire 
and police cables, without impairing the present service. 
The carrier or radio frequency technique is widely used 


in the field of telephony, radio, and powerline telemetry 
and control. In telephony, a significant portion of all 
trunk and subscriber circuits are carrier derived without 
impairment of the physical services at a cost well below 
that of additional circuitry. 

The inverse of this technique could also be employed 
with coded emitters installed at fixed locations along the 
street and sensors installed in patrol cars. A radio link 
would then be needed in the car to relay the car’s identi- 
fication and location to the communications center. 

The emitter and detector devices should be comparable 
in cost to the transmitter and receiver devices used with 
automatic garage door openers. In large volumes, it is 
estimated that the emitter units would cost about $20 
each and the callbox detector units about $30. Thus, the 


FIGURE E-10. POLICE CALL BOX LOCATIONS IN THE DISTRICT OF COLUMBIA 
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equipment for 1,000 callboxes and 200 patrol cars would 
cost approximately $34,000. 

To this must be added the installation costs and the 
cost of the central display system, which is difficult to 
estimate at this time. If a city has a suitable computer 
available for time sharing and it chooses to use the sim- 


plest type of display system, th t 
$100,000 to $200,000. Yi e cost may be as low as 


Modified Radar Transponder System 


Because of multipath problems, conventional radar 
transponder techniques cannot be used as a means for 
locating police cars. In a conventional radar transponder 
system a radar interrogator would transmit a coded pulse 
train in the form of a short burst lasting no more than a 
few microseconds. ‘The transponder in a patrol car would 
recognize its code and reply with a short signal pulse. 
The transit time between transmission of the interroga- 
tion pulse train and receipt of the transponder reply 
would be a measure of the distance to the car being in- 
terrogated. Azimuth would be determined by the point- 
ing direction of the interrogator antenna. 

Unfortunately, the coded pulse train would generally 
be unrecognizable to the intended transponder because 
of the overlapping of signals as they would be received 
over the various paths. This multipath phenomenon 
was investigated by W. R. Young and L. Y. Lacy.” 
Their investigations indicate that, although VHF pulse 
signals are modified severely by reflections in an urban 
area, they do get through, with the leading edges of 
the pulses substantially unaffected in almost every in- 
stance. This suggests that some modified radar trans- 
ponder system not using coded pulse trains might be used. 

Two techniques have been suggested. One would be 
to use the selective signaling system of the car radio sys- 
tem to sequentially turn on transponders for a fraction of 
a second. During this time, the transponder would be 
interrogated and range and bearing determined based 
on the leading edge of the pulses. No coded pulse train 
would be required to identify the car being interrogated 
because this would have been accomplished by the selec- 
tive signaling technique. This technique has the disad- 
vantage that the tones transmitted in the selective signal- 
ing process would load up a voice channel to such an ex- 
tent that it would not be useable for voice communication. 

A second technique uses a periodically synchronized 
timing system in each car to turn on the car's transponder 
at predetermined short periods of time. In this tech- 
nique (fig. E-11), a central beacon interrogator with 
a directional antenna, rotating mechanically or elec- 
tronically, transmits pulse interrogations. The interro- 
gations and replies are essentially single pulses with a pulse 
width in the order of 2 » sec. ‘Two different frequencies 
(in the same band) are used, one for interrogation and 
the other for reply. The frequencies used may be in the 
150 or 450 MHz bands, or perhaps in the vicinity of 1000 
MHz. ; 

The basic idea in the approach is the use of a relatively 
high interrogation rate by the interrogator (in the order 


450 Megacycles from Land-to-Car Radio Units,”’ 


11 « in Transmission at 
pee ae a Proceedings of the I.R.E., March 1950. 


W. R. Young and L. Y. Lacy, 
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FIGURE E-11. POSSIBLE RADAR CAR LOCATOR SYSTEM 
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of 5 kHz), coupled with a time apportionment system 
where any given transponder replies to 1 and only 1 
interrogation out of roughly 100 interrogations; the in- 
terrogation answered by each transponder is different and 
represents the transponder’s identity. 

At the start of every 100-interrogation cycle, a special 
synchronizing signal is transmitted. Each transponder 
then starts to “count off” successive interrogations until 
its assigned one is reached. The transponder replies to 
that interrogation (and no other interrogation) with a 
single pulse. Thus, each transponder replies to every 
100th interrogation at a rate of about 50 Hz, and each 
interrogation is replied to by only one car. This makes 
it possible to see closely spaced cars despite reflections, 
and provides for a very simple identification that does 
not require either interrogator or transponder pulse mod- 
ulation. 

An important question to be resolved before a final 
judgment can be made on the feasibility and practicality 
of this system is what are the effects of reflections on ef- 
fective interrogator antenna directivity. It is possible 
that the multiple transmission paths (via different reflec- 
tions) may cause effective beamwidth broadening and 
boresight shift, and presence of false targets at certain 
values of azimuth. The beamwidth broadening, if not 
too severe, could be tolerable. The false targets, resulting 
from the presence of large reflecting surfaces in certain 
directions, may be reduced to an acceptable level by dis- 
playing continuous car trails (for true targets, which 
would make sporadically received reflections easily distin- 
guishable from true targets) . 

Some limited field tests are needed to observe the actual 
effects of reflections and to verify the feasibility of the 
basic approach. 


Medium Frequency Radio Direction Finder System 


Because of their relatively long wave length, MF radio 
signals are not characterized by extreme multipath propa- 
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gation over short distances. Consequently, conventional [| A simple continuous wave (c.w.) radio trans- 
direction finders having an accuracy of about +3° can mitter in each car. ' 
adequately determine the direction of a radiating trans- [] At least three automatic radio direction finding 
mutter even when the transmitter is located in the midst stations. 

of tall structures, such as in the downtown area of a large [] Computer to compute the coordinates of each car 


city. Thus, they could be used with triangulation to lo- 
cate police cars equipped with a simple, low power MF 
(2-3 MHz) transmitter. 


from the bearing information received from the 
direction finding stations. 


Since an accuracy of one-fourth mile is sufficient for [] Display device to display the location of each car 
1 mile square patrol beats, bearings taken on the average as determined by the computer. 
of twice every minute could provide the required ac- ‘ é Pe ae: 
curacy. Since it would take on the order of 2 to 3 seconds The selective signaling device envisioned here is in- 


cluded in most existing police mobile radio systems. Se- 
lective signaling is accomplished by sending a series or 
combination of different tones. The receiver can then 
operate a switch to perform some intended function as 
turning on a light or a siren. In this case, it would turn 
on the car’s MF radio transmitter for 2 to 3 seconds. 


for each bearing, a simple one-frequency system could 
keep track of from 10 to 15 cars. In suburban areas 
where beats might be as much as 4 miles on a side, an 
accuracy of | mile would suffice, and bearings would be 
needed once every 2 minutes. Such a system should be 


able to track 40 to 60 cars. ; The transmitter could be a very simple device consist- 
The system (fig. E-12) would consist of the following ing of little more than a crystal oscillator. The car trans- 
basic elements: mitter would not have to transmit any coded identification 


& png 5: oe ; nee signal since identity of the car would have been established 
|] A “selective signaling” device operating in con- through the selective signaling process. 


junction with the existing police radio communi- The major problems foreseen with the direction finder 
cation link that would sequentially activate the system are that the selective signaling device would seri- 
MF radio transmitter of each car. ously load one communication channel, and the time 


FIGURE E-12. BLOCK DIAGRAM OF MEDIUM FREQUENCY CAR LOCATOR CONCEPT 
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required to take a bearing would limit the number of cars 
that could be accommodated by a one-frequency system. 
It might be possible through coding techniques to increase 
by a factor of two or three the number of cars accom- 
modated and still stay within the 100-Hz bandwidth 
limitation of these police frequencies. 

The approximate costs for a one-frequency system 
(capable of handling up to about 25 cars) based on 
available information may be broken down as follows: 


Pte signaling feature__ $75 per car, including installation. 
see orne transmitter______. $75 per car, including installation. 
irection finder units______ $6,000 for required set of three 


j ’ including installation. 
Triangulation computer and Uncertain. 
display system. 


Carborne Position Computation and Reporting System 


Carborne position computation and reporting systems 
are here taken to include all systems in which the patrol 
car continually computes and records its own location for 
transmission to the dispatching center upon receipt of a 
proper interrogating signal. There are at least three dif- 
ferent methods by which this system could be instru- 
mented. They are as follows: 


Inertial compass and odometer system. 
Magnetic compass and odometer system. 


System for frequently inserting by manual means the 
location of the car into the car location recorder. 


The first two techniques all involve automatically 
feeding direction and distance information into a dead- 
reckoning analyzer. The dead-reckoning analyzer then 
computes the location of the car and feeds this informa- 
tion into a digital data storage register. Every few sec- 
onds, upon computer controlled radio command, the 
stored information would be forwarded to the dispatching 
center for processing and display. The third technique 
would accomplish the same thing by manually updating 
the car’s position. 

All three techniques depend on continual updating of a 
digital data storage register in the car with the latest 
computed car location information. Each car would be 
interrogated in turn with a coded signal. Interrogation 
signals would be transmitted upon computer command 
from a centrally located interrogation transmitter. In- 
terrogation would be at a high rate so that every car 
would be interrogated once every few seconds. The 
interrogation receiver of each car would recognize its own 
code and would immediately transmit to central the stored 
car location information via its car location transmitter. 
A data processing device at the dispatching central could 
control and continually update the display of each car’s 
location. 

The inertial compass and odometer system (fig. E-13) 
would utilize a small gyro compass that would provide 
direction information and an attachment to the odometer 
of the car to provide distance information. This direc- 
tion and distance information would be fed into the dead- 
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FIGURE E-13. INERTIAL COMPASS AND ODOMETER CAR LOCATOR SYSTEM 
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reckoning analyzer that would compute the “x 
coordinates of the location of the patrol car. 

The system, as described, is similar to an inertial guid- 
ance system. Many highly sophisticated, extremely ac- 
curate and very expensive inertial guidance systems have 
been developed in connection with aircraft and missile 
development. What is required here is an inexpensive 
and relatively inaccurate system. Great accuracy is not 
required in absolute terms, nor does it matter greatly if 
the accuracy deteriorates rather rapidly with time; the 
system can be periodically recalibrated by the officer or 
officers manning the patrol car. Unfortunately, no rela- 
tively inaccurate, simple, and cheap inertial guidance 
systems appear to be available. Nevertheless, it is the 
opinion of at least one specialist in the field that inertial 
guidance systems of the required accuracy could be de- 
veloped to sell for less than $100 each in quantity 
production lots. 

The magnetic compass and odometer system is virtually 
identical to the previous system except that a magnetic 
compass replaces the inertial compass. Unfortunately, 
carborne magnetic compasses would normally be subject 
to variations in magnetic field which would introduce 
errors that probably would be unacceptably high. A 
higher resolution could be obtained through utilizing dual 
magnetic compasses and averaging readings. 

With the system of manual updating of position loca- 
tion storage registers, a city is divided into relatively small 
sectors. Whenever a patrol car moves from one sector 
to another, the new sector number is manually fed into the 
position location storage register. This system is presently 
under test by the carabinieri in Rome, Italy. 

This technique is the most simple to instrument and 
the most foolproof. Its main drawback is the require- 
ment for continual manual updating of the position loca- 


and 1 
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tion storage register. The system would not appear prac- 
tical to use with one-man patrol cars. 

In summary, the three versions may be related as fol- 
lows: 


|] The feasibility of the inertial compass and odom- 
eter concept depends on the practicality of de- 
veloping a low cost inertial compass. 

[] The magnetic compass and odometer version 
does not appear to be a practical system unless 
its cost can be substantially reduced. 

L] A system based on manual updating of the posi- 
tion location storage registers would not be prac- 
tical for one-man patrol cars, and it does not seem 


to be enough of an improvement over present 
techniques to be worthy of further investigation. 


Summary 


All four of the basic car locator techniques that have 
been discussed appear to be technically feasible. On the 
basis of the limited investigation possible here, the patrol 
car emitter-callbox sensor system and the modified radar 
transponder system appear to offer the most promise. 

Since the patrol car emitter-callbox sensor system 1s 
expected to be preferred in cities with existing street in- 
stallations, and the modified radar transponder system 
preferred system in other cities, operational feasibility 
tests of both should be pursued. 
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INTRODUCTION 


_ The use of data processing by agencies in the criminal 
justice system has undergone a pronounced increase in 
the past 5 years and current indications are that it will 
experience an even greater growth in the future. One of 
the big advantages of data processing equipment is its in- 
herent flexibility; this flexibility can be a mixed blessing, 
however, to the agency which is just planning to instal] a 
data processing system. The question of which appli- 
cations should be implemented first and what equipment 
to use can be difficult to answer because of the numerous 
alternatives that are possible. The experience of the 
agencies which have already installed data processing 


equipment should prove valuable to those agencies which * 


are just beginning to consider its use. Accordingly, as 
one part of the information handling study of the Sci- 
ence and Technology Task Force, a questionnaire was 
mailed to 45 agencies which were known to be using 
data processing in their operations. 

Thirty-two replies were received in response to the ques- 
tionnaire. The data from these responses have been used 
to develop the discussion in the following section and 
provide the basis for the summary tables presented there- 
in. The last section presents the detailed information 
supplied by each agency which responded to the ques- 
tionnaire and should serve as a valuable finder list for 
any organization which is planning to install a data proc- 
essing system. It will serve to identify agencies which 
have developed and implemented similar data process- 
ing applications and can thus be contacted for further 
guidance and advice. 


ANALYSIS SUMMARY 
PATTERN OF DEVELOPMENT 


The application of data processing by criminal justice 
agencies in general has followed a fairly standard pattern 


of development. The majority of those agencies that are 
now using data processing started by utilizing a basic 
punched-card processing system. This basic system was 
expanded by adding new punched-card machines as the 
size and complexity of the applications to be processed 
increased. When the scope of their operations began 
to exceed the capability of their punched-card system, 
and as their financial resources permitted, the solution 
was to install an electronic data processing system to re- 
place the punched-card system. In a number of in- 
stances, the transition from punched-card machines to the 
electronic data processing system was made easier by 
retaining the punched-card data base, and, in effect, oper- 
ating the system as a card computer. This system was 
then capable of being upgraded by the addition of mag- 
netic tape storage or disk storage when it became nec- 
essary to accommodate larger loads, add more flexibility 
and increase throughput of data. The final step was to 
install an on-line electronic data processing system to 
provide even more effective support to a wider num- 
ber of users within the agency. 

This pattern of system development has obviously been 
one of system evolution. A number of the agencies now 
using electronic data processing systems have followed 
this pattern. However, some agencies have bypassed cer- 
tain steps in this development cycle and those agencies 
just beginning to use data processing will also be able to 
bypass some of these steps by building on the experience 
of those who have preceded them. The evolutionary 
pattern of development has one significant advantage, 
however, in its orderly growth; the operating experience 
gained in one phase of the system cycle can be of great 
value in analyzing and designing the next phase of the 
system. Perhaps even more significantly, the early phases 
permit the orderly development of a data base in a 
machine readable form, thereby minimizing to a certain 
extent the problems and cost associated with converting 
from a manual operation to a data processing operation. 
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PUNCHED-CARD PROCESSING 


Punched-card processing has enjoyed wide application 
by a number of police departments. This is not surpris- 
ing when we remember the long history of usage of 
punched-card equipment, the variety of such equipment 
available, and the ability to configure punched-card sys- 
tems whose size and costs can be constrained to fall within 
the financial means of all the larger cities and their police 
departments. As a matter of fact, several of the organi- 
zations responding to the questionnaire reported that 
they had started using punched-card equipment more 
than 20 years ago, and one major police department had 
first used punched-card equipment in 1923. 

One aspect of the survey was an attempt to establish 
certain cost and planning factors which might be of value 
to other agencies which are just now planning to 
implement their own systems. The information was 
derived from an analysis of the questionnaires re- 
turned by those organizations which are using punched- 
card processing systems. Several interesting facts were 
revealed by this analysis. We had expected to find that 
the population of the city being served by the police 
department would have a significant impact on equip- 
ment and personnel costs. However, this was not the 
case. For example, the Portland, Oregon, Police Depart- 
ment, serving a population of approximately 380,000, 
spends $2,000 a month for rental of its equipment while 
the Cleveland, Ohio, Police Department, serving a popu- 
lation of 810,000, pays a monthly rental of $1,834. The 
punched-card equipment costs for cities in the 200,000 
to 900,000 population range are from $1,400 to $2,000 
per month rental, but are not directly proportional to 
population. This narrow spread is not too surprising, 
however, if we note that there is a basic set of equipment 
which is needed for any punched-card processing system; 
namely, the key punch, sorter, collator, reproducer, and 
accounting machine. This sets a lower limit for the cost 
of the system. Any further variations are caused by the 
number of individual pieces of equipment used and by 
the operating speeds or the specific operating features 
ordered for each unit. The rental cost is directly influ- 
enced by the speed and complexity of the unit. 

In the case of the personnel required to operate the 
punched-card system, we found the same clustering as 
we did for equipment costs. The various police depart- 
ments for cities in the 300,000 to 900,000 population 
range reported that the size of their data processing staffs 
ranged from 6 to 11 people. (Cleveland, Ohio, reported 
6 and Portland, Oregon, reported 11.) This figure in- 
cludes one supervisor. The average cost of the salaries 
reported for the punched-card data processing staffs 
ranged from $5,400 to $6,700 per year for all the police 
departments reporting in this category. The average 
nationwide figure was $6,100 per year. All of these fig- 
ures include the supervisor’s pay. 

Nearly all those departments using punched-card equip- 
ment estimated that they spent three to nine man-months 
of effort in planning their system and preparing card lay- 
outs, report formats, and related system activities. 


By its nature punched-card processing is generally re- 
stricted to batched operations which are essentially 
statistical and historical in nature. (Certain police de- 
partments do possess electronic statistical machines and 
collators which permit sophisticated searching but these 
are in the minority.) This has naturally influenced the 
types of police applications that have been developed for 
the punched-card systems. In spite of the restrictions 
inherent in the punched card, a wide range of applications 
have been developed. ‘Table F-1 lists a number of the 
applications that were reported by the police agencies 
which responded to the questionnaire. These applica- 
tions seem to fall into four main categories: crime-related 
applications; traffic-related applications; police opera- 
tions; and police administration. 


Table F-1—Police Punched-Card Applications 


Crime-related applications: 

Criminal offenses file (crime type, location, 
modus operandi factors, suspects, disposi- 
tion, etc.). 

Arrested persons file (name, physical de- 
scription, modus operandi). 


Used to produce statistical reports, 
crime by location reports, etc. 


Special reports and special searches. 


TRVEniLSactlVityalLesseee teen ee ee ee Statistical reports and special studies. 
Stolen property and stolen auto files._______ “Hot” lists. 
Fipwerphintin|es ce ee Special searches. 


Traffic-related applications: 


Traffic accident file (type of accident, loca- 
tion, conditions, etc.). 


Traffic compleint file (name, licenses, loca- Prepare traffic court docket, analytical 
tion, violation number). studies. 
Parking citations (who, when, what type)____ Citation accounting and fines collection. 
Police operations: 


Police activity file (type of run, time out and Operational and statistical reports. 
in, arrests, etc.). 


Jailliookmescecesee a eek bee Booking control. 


Motor vehicle registration file.._._._________ Master file of license numbers vs. names 
and addresses. 


Statistical reports and special analyses. 


Police administration: 


Personnel records. 
Timekeeping. 

Payroll authorization. 
Vehicle expense data. 


In crime-related applications, all the police departments 
reporting have developed a crime or criminal offense file. 
This file contains data on each crime reported, what type 
it is, when and where it occurred, any pertinent descriptive 
data, pertinent modus operandi factors, disposition, etc. 
This file is then used to develop a variety of statistical re- 
ports, including the Uniform Crime Reports, reports of 
crime by type, and reports of crime by location and time 
of day to assist in planning distribution of patrols. A 
number of departments maintain a file on all persons who 
have been arrested, containing such data as their 
physical characteristics and modus operandi to permit 
searching on these parameters. In most jurisdictions a 
separate file is maintained for juvenile activity, giving 
pertinent data on youthful offenders and their activities, 
Files are maintained on stolen autos and stolen property 
and are used to prepare “hot” lists for patrolmen and de- 
tectives. Some departments maintain a fingerprint file 
in punched-card form to facilitate searching for prints. 


In traffic-related applications, nearly all departments 
reported maintaining a traffic accident file, containing 
pertinent data such as location, time, causes, circum- 
stances, etc., on each reported traffic accident. This file 
is used to generate statistical and special reports to permit 
better planning and coordination of police traffic activities. 
In several instances a traffic complaint and court citation 
file has been established to identify both the individuals 
involved and the circumstances under which they were 
issued traffic citations. This information is used for gen- 
erating the traffic court docket and for following the cases 
through to their final disposition. A similar application 
has been developed for parking citations to permit con- 
trol of parking citations issued and to allow follow- 
through on collection of fines. 

In the area we have defined as police operations, the 
main application has been concerned with police activity, 
accumulating data on the nature of dispatching calls, time 
spent on each, arrests made and other pertinent activity 
data to enable the generation of reports and special studies 
to permit better direction, planning, and coordination of 
police activities. Other applications in this area are: 
jail bookings to identify who was booked, where, and 
what the disposition was; and a motor vehicle registration 
data file to permit rapid determination of the owner’s 
name and address through the auto license number. 

In police administration, punched-card systems are 
being used for such purposes as maintaining personnel 
data on all uniformed and civilian personnel in the de- 
partment, keeping track of employees’ time for payroll 
and vacation purposes, and for budget and expense con- 
trol for police department vehicles. 

Surprisingly, very little application has been made of 
punched-card processing in the courts. However, both 
the Court of Common Pleas of Allegheny County ( Pitts- 
burgh) Pa., and the Los Angeles Superior Court have 
made valuable use of punched-card processing for court 
operations. With limited investments in equipment and 
personnel, they have been able to provide effective sup- 
port in such areas as providing case-by-case records of 
cases filed and at issue, providing master calendar at- 
torney scheduling, centralized court statistics, etc. In the 
case of the Court of Common Pleas of Allegheny County, 
the equipment costs are $272 per month and only three 
personnel are required to operate the system. The Los 
Angeles Superior Court shares the punched-card equip- 
ment and personnel with the county clerk so its operating 
costs are kept low. 


ELECTRONIC DATA PROCESSING 


The electronic data processing system presents the 
potential user with a much more bewildering number of 
alternatives and decisions than did the punched-card 
processing system when it was introduced. This stems 
not only from the great flexibility of the electronic com- 
puter but also from the wide variety of central computing 
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equipment and peripheral equipment that are on the 
market today. 

When they were initially introduced, electronic com- 
puters were so expensive that only a few of the largest 
agencies could contemplate their use. The advent of the 
so-called third generation computers with their increased 
performance and reduced prices have made the electronic 
data processing system available to a much larger number 
of users. With the increased utilization of on-line systems 
and the relatively recent development of time-sharing 
systems, the prospective user has available some addi- 
tional alternatives which can also offer the computing 
capacity that he needs at reduced costs. 

Several of the larger criminal justice agencies have data 
processing requirements of sufficient magnitude to justify 
their own electronic data processing installations. How- 
ever, another trend has been the development of cen- 
tralized municipal data processing centers which are 
designed to provide data processing support to all the 
municipal agencies who need it, including the police de- 
partment and the municipal courts. This trend to cen- 
tralization, while very useful in making electronic data 
processing accessible to those smaller agencies who would 
otherwise be excluded because of their size, is by no means 
limited to the smaller city, since the city of Los Angeles 
has elected to take this approach to satisfy its citywide 
processing needs. 

Among the police departments now using electronic 
data processing systems, a large variation was noted in the 
amount of effort spent in systems analysis prior to imple- 
menting and installing their systems; the effort ranged 
from 6 to 75 man-months and, as would be expected, was 
a function of the size of the department. The equipment 
costs varied over a wide spectrum but did not seem related 
to population. Three of the police departments report- 
ing were in the enviable position of having all their com- 
puting costs (including equipment and personnel) paid 
by their respective city governments. In three other cases, 
the police departments shared computers with other local 
governmental agencies and were, therefore, able to utilize 
data processing systems at much lower costs than if they 
had to operate their own computing systems. For those 
police departments operating in an off-line mode (as 
contrasted to an on-line system) the cost of the equipment 
was reasonably consistent, ranging from approximately 
$4,500 per month in Indianapolis, Ind., to $5,000 a month 
in Philadelphia, for example. For those departments 
which have their own on-line systems, the equipment 
costs were considerably higher, ranging up to $25,000 a 
month rental or a purchase cost of $1,140,000, if a 
lease/purchase option is exercised, as in the case of St. 
Louis. 

The size of the data processing staff varied in accord- 
ance with the size of the city, ranging from 5 people in 
Indianapolis to 21 people in New York City. The com- 
position of a typical police department data processing 
staff of 10 people would be 1 supervisor, 3 programer / 
analysts, and 6 computer and machine operators. The 
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complexity of an on-line system, however, is such that 
larger staffs are required to implement and operate them. 
The Chicago Police Department, for example, has 15 
programer /analysts on its staff, while the St. Louis Police 
Department has 12. The total size of the St. Louis 
Police Department data processing staff is 72 people; this 
figure includes 45 terminal teleprocessing operators. The 
average salary for electronic data processing staff person- 
nel is higher than those for punched-card systems, aver- 
aging $7,200 a year for those agencies responding to the 
questionnaire. Experienced computer programers are 
in relatively short supply today and their salaries are the 
main factor contributing to the higher average salary of 
electronic data processing personnel. While programers’ 
salaries were not reported separately, they would ap- 
proximate $10,000 per year. 

A review was made of the various applications which 
are currently in operation on police department com- 
puters or are planned for the future. Table F-2 is a 
summarization of those applications. As in the case of 
the punched-card systems, those applications are organ- 
ized into the four categories of crime-related applications, 
traffic-related applications, police operations and police 
administration. A comparison of table F-1 and table 
F—2 shows a great similarity of applications but this is 
not too surprising since most departments now using 
computers previously had punched-card systems. What 
they have done is to take their existing applications and 
data bases and upgrade these to the electronic computer 
adding more capability and flexibility in the process. 


Table F—2.—Police Computer Applications 


Crime-related applications: 


Criminal offense file (type of crime, where, Used for statistical reports and 
when, modus operandi factors, etc.). analyses. 

Criminal arrest file (who, where, when, dis- Followup control, analyses and 
Position, physical characteristics, modus special searches. 


operandi). 
Juvenile criminal activity........__________ Statistical reports and special studies. 
Warlaellipeeeen tte eee eee Wanted lists and special searches. 
Stoleninropeny:: sees ew) Sens Ges es “‘Hot’’ lists. 
“Hot desk"’ applications (wanted persons, On-line queries for special and timely 
stolen autos, stolen property). data. 


Traffic-related applications: 


Traffic accident file (nature of accident, loca- Statistical reports, traffic studies. 
tion, circumstances, who, etc.). 


Traffic citations (who, disposition)... _______ Traffic court docket preparation, 
citation accounting. 
Parking violations (who, disposition). _______ Mailing and followup for delinquents, 


parking ticket accounting. 
Police operations: 


Police service analysis (location, type of run, Operational reports, planning data. 
car, time, etc.). ; 
Beat boundaries and patrol distribution (of- Establish patrol patterns and 


fenses, locations, day and time variations, boundaries. 
data, etc.). 
Communications switching.....____________ On-line message switching and control, 
communications with other computing 
systems. 


Jail arrests (who, cell number, disposition)... Prisoner control. 

Location file (street addresses and city and Dispatching. 
patrol boundaries). 

Auto registration (license numbers vs. owner Special searches. 
name and address). 

Police administration: 

Personnel data (name, serial number, train- 
ing, experience, etc.). 

Inventory control file (fixed assets, location, 
description). 

Vehicle fleet maintenance accounting. 

Financial accounting. 

Budget analysis and forecasting. 


In punched-card systems there is a tendency to develop 
many separate files to facilitate the type of processing 
that has to be done. These files, although treated sepa- 
rately, have many data elements in common. Many 
police departments followed this trend and when they 
converted to electronic computers they maintained their 
numerous separate files. Now that the various agencies 
have gained experience in the use of computers, they are 
starting a newer and more desirable trend. This is the 
consolidation of their many files into fewer but more ex- 
tensive files. These consolidated files, while structurally 
more complex, can be designed to permit faster access, and 
as a result they facilitate demand searches in addition to 
the batch processing approach which was necessary in 
punched-card systems. Examples of these consolidated 
files are persons files where information about victims, sus- 
pects, arrested persons, warrants, and suspicious persons 
can be consolidated to permit quick on-line access for 
the patrol officer or investigative officer who needs this 
information to carry out his duties. Another example 
is the establishment of a serial number file which can 
be organized for rapid searching on such items as license 
numbers, article serial numbers, stolen auto numbers, etc. 

A number of the agencies responding to the question- 
naire reported that they are in various stages of planning 
or procuring new equipment to convert their systems to 
on-line systems. There is also a continuing need for 
batch processing operations; the statistical analyses, spe- 
cial reports, and management studies still will have to be 
done. The need thus exists not for on-line systems alone, 
but for on-line systems which are also capable of doing 
background processing. 

Two capabilities that are important to the operation of 
criminal justice agencies are somewhat conspicuous by 
their absence from the applications list. These are finger- 
print and text (report) searching. Our present ability 
to do either in a completely effective manner is limited 
by the current state of the art. Continued emphasis 
needs to be applied to the development of such capabili- 
ties and to incorporate them into the existing operating 
systems as they become available. 

In addition to these capabilities, there are several other 
developments underway which should be mentioned, 
since they will also have long-range impact on the devel- 
opment of future systems. The New York City Police 
Department is in the process of advertising for bids from 
several contractors for implementation of their SPRINT 
(Special Police Radio Inquiry Network) system which is 
designed to increase the speed of their radio dispatching 
operation. At the State level, the New York State Iden- 
tification and Intelligence System is developing an on-line 
system with a comprehensive data base to facilitate infor- 
mation sharing among the criminal justice agencies in 
New York State. In the corrections area, the State of 
California is planning for the installation of a correctional 
decisions information system to meet the needs of decision- 
makers within all levels in the State. In addition, the 
Office of Law Enforcement Assistance (OLEA) is fund- 
ing several studies aimed at improving the information 


processing and management capabilities of law enforce- 
ment agencies. 


APPLICATIONS DATA 


This section contains the data received from those 
agencies which responded to our questionnaire. It has 
been organized into city and State police, courts, and 
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corrections agencies. Computer systems have been sep- 
arated from electric accounting machines. 

Table F-3 presents details on the individual installa- 
tions, types of equipment, equipment costs, operating per- 
sonnel, installation dates, and future equipment plans. 

Table F-4 lists the uses to which equipment is now 
being put and planned applications for the future. 


Table F-3.—Criminal Justice Data Processing Facilities 


(Lt. J. R. Plants). 


For footnotes, see end of table. 


Personnel Date Planned electronic data 
started | Date processing equipment 
Nee rn : usin current 
Agency and key individual Equipment currently used Rental cost | Purchase Sys- | Ma- Annual de equip- 
per month price |Super-| tems chine | Pro- | salaries | proc- ment 
visory | ana- | oper- |gramer cessing jinstalled Type Date 
lyst | ator equip- 
ment 
City Police—Electric Accounting 
Mince. Abies 
altimore City Police Depart- Electri ing” ine} 
ment, Baltimore, Md. 21202 ectric accounting machine 1___| N.A_. = 2 0 5 | 0 | $31,000} 1950 | 1950 | 360?.-.--._---- 1968 
: lt raines BUIKS): 
oston Police Department, |----- (Copp 8 See SS oe ee ee 
Boston, Mass. 02116 (Dep. -----| $1,766. ----|-------- aye 8| 0 | 45,000 | 1958 | 1958 | 360/30.--....-. 1967 
on is 7 de Foner. 
eveland Police Department, | ---_- 0d ee Ses sae ae RS TERS4 
Cleveland, Ohio aaii4 (Set. $1,834____._|--------- 1 34 5 |36 N.A. | 1937 1964 | 360/40 4-------- 1968 
H. A. Blackwell). 
Los Angeles County Sheriff's | ----- Gi: Saeed ee eee 2 Sa000Me ee oe 4 0 141 0 | 104,020 | 1955. | 1959) |_--==----=2-e=ee 
Department, Los Angeles, : 
Calif. (Sgt. Rosemary Hill). 
Los Angeles Police Department, |----- (i [ee Seon ce. Seer, Cee CE ee geen (ee See 2 0 18| 0 133,932 | 1923 1955 | 360/40 2_._----- 1967-68 
re neces Calif. (Lt. G. E. : 
onroy). 
Oakland Police Department, — | ----- (jie we see. ee eee ae LOLS SESE We acre 1 66.864!" 3950" |L2_=-<22]2 === == 
c Garang Calif. Cred Fong). f $ 0 eile ; aad seme i 
ortland Bureau of Police, Ba (| | eee Se ee ere PQ00LE 225 |\oa 1 0 10 | 0 68,000 | 1940 | 1957 | 360_.--..------ 7 
Portland, Oreg. 97204 (Capt. : : a 
J. E. Nolan). 
San Diego Police Department, | ----- (fia sto Ee Soe CANOE ee ee 1/4 | 0 2| 0 N.A. | 1940 1940) || S60k2-.—ee-— == 1967 
San Diego, Calif. (Lt. J. W. 
Baker). 
Seattle Police Department, —S | ----- (0 fa yan ee re I, Serene SAO) Eee ee ease 1 0 10! 0 ORGAO! | 19470" | Lees = I ee ees eee 
Seattle, Wash. 
City Police—Computer Systems: c 
Chicago Police Department, 1411 computer, 1301-2 disk =| __---------- $400,000 | 15 ll 78°) 4 630,000 | 1962 LOM MNIMNIA ees eee 3. 1968 
Chicago, III. (R. J. Golden). storage, 729-V tape drives 
ae remote terminals, 
Detroit Police Department, 1401 computer, 1311 disk drive, | $13,000_..--|---.----- 2 0 14 | 4 130,000 | 1932 1963 | 360/40_...------ 1968 
Detroit, Mich. (Chris 729 tape drives (4), 1050 
Kotsopodis). terminals (5). 
Fort Worth Police Department, | 1401 computer *-------------- SSS. SAQHOOO): | eeneae | Samar eee 122,761 | 1954 1963 360/30 1968-70 
x vane Tex. (7. Morris, uaa 
irector). 
Indianapolis Police Department, | 1440 computer, 1311 disk NYAG= 2 2-oe- eee. ~- 1 0 Wi 55,000 | 1958 1965) |e eee 
Indianapolis, Ind. (Sgt. E. drive (3), 7335 tape drive (2). 
Gallagher). 
New York City Police Depart- 1401 computer, 729 tape drive $1,210. 2. - 338,648 | 4 6 me N.A. | 1951 1963° en pews cee 
ment, New York City, N.Y. (4), 1311 disk drive. 
(Dep. Insp. J. H. McCabe) 
Philadelphia Police Depart- 1401 computer---------------- $5000 see =. |-2e=— r= 3 4 27 4 185, 000 1954 1966 360/30...-..~. 1958 
ment, Philadelphia, Pa. 
(Capt. J. C. Herron). ‘ 
Phoenix Police Department, 415 GE computer, tape drive (4).|------------|--------- 1 0 | ag 10,490 | 1957 T9667 eeoeecennseencee 1968 
Phoenix, Ariz. (D. McKay). 
San Antonio Police Department, 1401 computer --. ------------- i 1/2 | 1/2 4| 1/2 | 20,000 | 1957 1963 2s = 
San Antonio, Tex. (G. Davis). : t. 
St. Louis aks Police ) 7040 computer, 7740 switch, $25,000. ---)..------- i 12 8] 0 420,000 | 1954 SS ed |e 
Department, St. Louis, Mo. 7330 tape drive (5), 1311 
(S. W. Hovey). disk drive, 2302 disk, 1050 
terminals (8). 
Tucson Police Department, 1401 computer § -------------- $196 (PD) 0 0 Siill alt) 11,160 | 1963 1963 | 360/302__------ 1967 
Tucson, Ariz. (Lt. K, Maurer). : $4, 330 (CDP) 
Washington Metropolitan Police | 360/30 computer 5 tape drives $1,485 _--_- 0 1 On ee 70,000 | 1965 BGG oH aan aoe ae 1967 
Department, Washington, (4), disk drives (2). 
D.C. (Insp. J. V. Wilson). - 
State Police—Electric Accounting 
Ma arene Highway Patrol, Univac 1004 computer, VI-C Neate eee lee erases 1 0 So 24,828 | 1955 1968" | Bo0/o0.-.-...-. 1966 
Phoenix, Ariz. (Lt. L. tape drives (2). 
e). ; 
Wtienr Departiyant of State | Electric accounting machine__.. - $2,135__.-.]-------- 1 0 6} 0 40,862 | 1952 N.A, | Burroughs 1967 
Police, East Lansing, Mich. 5500 
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Table F—3,—Continued 


Agency and key individual Equipment currently used Rental cost | Purchase 
per month price 
State Police—Electric Accounting 
Machines—Continued 
New Jersey State Police, West Electric accounting machine .__| $1,678____- 
Trenton, N.J. (Capt. V. E. 
Galassi). 
Pennsylvania State Police, AGO Sas SING 50s te ee 
Harrisburg, Pa. (Sgt. J. R. 
O'Donnell). 
State Police—Computer Systems: 
New York State Police, Albany, |Univac 418 computer, $3,000. ___ $330, 000 
N.Y. (Fred Frank). FASTRAND drum storage, 
VI-C tape unit 1004, 1004 
Univac reader-printer, 1232 
optical scanner terminals. 
State of California Highway 360/30 computer, 7740 switch $25,000__ 30, 000 
Patrol, Sacramento, Calif. (2), 1311 disk drives (6), 
(Insp. D. Luethje). tape drives (5). 
Courts: 
gous af ccman Pleas, Pitts- Electric accounting machine... _| $272._..___|____- 
urgh, Pa. 
District of Columbia Court of 1440 computer, 1311 disk = |.-.......___ . 
General Sessions, Washing- drives (2). 
ton, D.C. (D. Meadows). 
Fulton County Data Processing | 1460 computer, 729 tape Sh Vee es 
Department, Atlanta, Ga. drives (4). 
(J. W. Stephens). 
The Los Angeles Superior Electric accounting machine. ____ No charge__|_______ 
Court, Los Angeles, Calif. 
(Maureen McPeak). 
Corrections: 
Departmentof Youth,  # |___. dO ast A eee oe eee ee S940... 18, 142 
acramento, Calif. (W. J. 
Dondero). 
New York State Department of j_____ (yk Aw eee 2 pee OEE S258 ee eae 
Correction, Gov. Alfred E. 
Smith Bldg., Albany, N.Y. (A. 
Barraco). 


Personnel Date Planned electronic data 
started Date processing equipment 
using | current |_—————__—_—— 
Sys- | Ma- Annual | data equip- 
Super-| tems | chine | Pro- | salaries | proc- ment 
visory | ana- | oper- |gramer essing |installed Type Date 
lyst | ator equip- 
ment 
2 0 7 a0 $46,783 | 1938 TOOZE KG): an ceuccas 
1 0 12510 47,000 | 1962 NOGA y Ho ee eee 
2 0 4| 3 43,000 | 1966 E966: , scec cee aces 
0 0 0} 0 303,840 | 1930 1965 | (8)___- .| 1967-68 
1 0 Zal0 15,264 | 1964 1963 
1 1 0; 4 87,000 | 1958 Gee | eee te 
3 1 17 | 4 190,500 | 1958 1964 | 360/30______ sais ea D7! 
2 0 14} 0 N.A.| 1949 1949 | 3d generation 1968 
computer. 
2 2 ye 83,000 | 1951 1961 | 1401 computer, 1967 
tape drives 
(5), 360/40 
—uUn- 
certain. 
3 0 8} 0 56,645 | 1929 1956 eee eee 


‘Standard punch-card equipment, including such items as card punches, reproducers, 


sorters, collators, 


and accounting machines. All computer systems include such equipment. 


2 To use city computer. 


3 Planned. 


‘To be a city computer with the primary function to serve the Northeastern Ohio Police 


Information Netw 


ork. 


5 City computer. 


5 Uses computer in city’s water department. 

7 Planning for new facility but undecided on equipment and dates. 

5 Planning to install 2 large computers to replace the 3 now in operation. 
N.A. Not applicable. 


Table F—-4.—Current and Planned Applications of Data Processing by Criminal Justice Agencies 


City Police 


BALTIMORE CITY POLICE DEPARTMENT 
Current applications: 


1 


SID OS OD PO 


. Offense statistics for monthly report and “Uniform 
Crime Reports.” 

. Arrest statistics. 

. Radio complaints statistics by location. 

. File of general appearance of suspects. 

. Traffic summons. 

. Statistics on locations of accidents. 

. Personnel records. 


Planned applications: 


1 


. Immediate inquiry files on wanted persons, war- 
rants, and stolen automobiles. 


BOSTON POLICE DEPARTMENT 
Current applications: 
1. Monthly report of part I offenses for “Uniform 


we oon 


Crime Reports.” 

Arrested persons. 

Daily recapitulation of offenses and incidents. 
Location of theft and recovery of stolen cars. 
Moving traffic violations and recommended dis- 
positions. 


Seon a 


D2. 
1B: 


14. 
Mo 


16. 
Life 


oe earned by officers on offduty paying de- 
tauls. 

Parking citations issued by location. 

Index of incidents. 

Analysis of vehicular accidents. 

Miscellaneous court statistics for department an- 
nual report. 


. Miscellaneous business of the department for de- 


partment annual report. 

Ambulance services performed by the department. 
Age and sex of persons injured or killed in acci- 
dents. 

Notification of fines to out-of-State parking vio- 
lation defaulters. . 
Officers’ training scores on revolver range. 
Personnel evaluation scores, 

Citizen alarm box calls and reasons. 


Planned applications: 


Oo RON 


. Warrant information on wanted persons. 


Selected stolen property. 

Firearms identification. 

Stolen cars and plates and auto parts. 

Linkage with NCIC. 

Personnel distribution, car usage, gas and oil 
studies, payroll, licenses, etc. 


CLEVELAND POLICE DEPARTMENT 
Current applications: 
1. Crime reports. 
2. Daily traffic court docket report, continued docket, 
and monthly disposition report. 
3. Physical characteristics and modus operandi of 
arrested persons. 
. Payroll authorization lists. 
. Control of the sicktime, overtime, holidays, and 
furlough time for each member of the department. 
6. Parking citations received and amount paid. 


LOS ANGELES COUNTY SHERIFF’S DEPARTMENT 
Current applications: 
1. Arrests and bookings. 
2. Cases handled. 
3. Time and location of moving traffic violations. 
Planned applications: 
| 1. Jail records. 
2. Criminal statistics. 


LOS ANGELES POLICE DEPARTMENT 
Current applications: 
1. Arrests. 
2. Crimes. 
3. Traffic citations and accidents. 
4. Personnel. 
Planned applications: 
Immediate inquiry wanted persons. 
2. Immediate inquiry warrants. 


OAKLAND POLICE DEPARTMENT 
Current applications: 

Juvenile reporting. 

. Field contact reporting. 


oa 


. Offense and arrest reporting. 
. Accident reporting. 

. Traffic citation reporting. 

. Assignment reporting. 

. Nalline test reporting. 

. Miscellaneous reporting. 
10. Management control reports. 
11. Officer’s activity report. 

12. Consumed time report. 

13. Personnel reports. 

14. Talent inventory. 

15. Leave-of-absence reporting. 
16. Man-days-worked reporting. 
17. Personnel duty rosters. 


CITY OF PORTLAND BUREAU OF POLICE 
Current applications: 

Offenses reported. ; 

Traffic complaints and summons issued. 

. Daily timecards for personnel. 


OOmrHnDoPonrr 


. Parking tags. — ; 
. Auto registration data by license number. 


SEATTLE POLICE DEPARTMENT 
Current applications: 
Crime records. 
Arrests or citations. 
Court dispositions. 
Traffic accidents. 
_ Personnel records of employees. 
. Stolen property. 
Juvenile activity. 
. Moving traffic violations. 
Planned application: : 
1. Allocation of manpower and equipment. 
CHICAGO POLICE DEPARTMENT 
Current applications: 
1. Crime statistics. 


AuBonme 


ONDA 


464-220 O- 72 - 12 


. Complaint dispatch and out-of-service reporting. 


. Cars and persons involved in reported accidents. 
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Table F-4.—Continued 


2. Operations reports. 
3. Arrests. 
4. Traffic accident and citation reports. 
5. Hot desk reports on stolen autos and wanted 
persons. 
6. Automotive cost accounting. 
7. Payroll and personnel statistics. 
Planned applications: 
1. General index file. 
2. Arrest processing. 
3. Field reporting. 
4. Personnel files. 


DETROIT POLICE DEPARTMENT 
Current applications: 
Crime analysis—by precinct, time, day, object of 
attack, scout car area. 
2. Traffic tickets—by ticket number, violation, pre- 
cinct issued. 
3. Arrest analysis—by prosecution, age, sex, color, pre- 


cinct, etc. 

4. Accident analysis—by cause, violation, day, night, 
etc. 

5. Stolen car inquiry—stolen cars by license number, 
vehicle identification on random access. 

6. Modus operandi—trademarks of crime to pick sus- 
pect. 

7. Women’s division report—contacts by crime, pre- 
cinct, disposition. 

8. Youth bureau report—contacts by crime, precinct, 
disposition. 

9. Hot car file—listing by license number of stolen 
cars. 


10. Personnel—name, precinct assigned to, rank. 
Planned applications: 
. Traffic warrants. 
. Gun registrations. 
. Serialized property. 
. Personnel, history. 
. Scout car assignments. 
. Answers to radio calls. 
. Police inventory. 


FORT WORTH POLICE DEPARTMENT 
Current applications: 
Radio calls. 
. Traffic accidents. 
. Offense reports, clearance and recovery records. 
. Jailed arrestees. 
. Traffic citations. 
. Police personnel list. 
. Police mailing list is kept on IBM cards. 
. Police garage report. 
. Patrol division personnel assignment. 
10. Possible addresses in each census tract. 
Planned applications: 
1. Identification files. 
2. Auto registration files. 
3. Suspicious person reports. 
4. Warrant files. 
5. Traffic offender file. 


INDIANAPOLIS POLICE DEPARTMENT 
Current applications: 
1. Records of calls for service and response time, 
location, and action. 
2. Delinquent notices for unpaid traffic violations. 
Planned applications: 
1. Immediate inquiry for stolen cars and wanted 
persons. 
Inventory control. 
. Budget analysis and forecasting. 
. Vehicle fleet maintenance accounting. 
. Modus operandi file. 


SID OI CON 
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Table F-4.—Continued 


NEW YORK CITY POLICE DEPARTMENT 


Current applications: No information. 

Planned applications: 

Computer aided dispatching of radio motor patrol. 

. Vehicle identification immediate inquiry file. 

. Immediate inquiry “phonetic code” name file. 

. Personnel files. 

. Computer assisted fingerprint file searching. 

. Fleet statistics. 

. Crime type, location, date, time, and other data. 

. Computer aided personnel and equipment allo- 
cation. 


PHOENIX POLICE DEPARTMENT 


Current applications: 

1. Monthly reports on crime distributions and times 
spent on calls in different locations. 

2. Beat boundaries and patrol distribution based upon 
the time and location of offenses. 

3. Traffic accidents reports by type, frequency, and 
location. 

4. Juvenile criminal activity reports by sex, age, and 
case disposition. 


CITY OF SAN ANTONIO POLICE DEPARTMENT 


Current applications: 

1. Statistical data of police activity. 

2. Records of accountability status, followup activity, 
and final disposition for traffic (moving violation) 
arrest tickets. 

Planned application: 

1. Accounting and disposition of traffic (moving vio- 

lations) arrests. 


ST. LOUIS METROPOLITAN POLICE DEPARTMENT 


Current applications: 
. Bench warrant inquiry system. 
. Personnel records. 
. Accident reports. 
. Printouts from mailing list. 
. Owner’s name and address, make and model of car 
accessible by license number. 
. Additional data on cars of special interest. 
. Activities.of cars by incident. 
. Census tract and locations data. 
. Field activity accounting of officers, 
10. Records of crimes committed, crimes cleared, and 
unfounded crimes. 
11. Financial records. 
Planned applications: 
1. Inventory accounting. 
2. Charge account billing. 
3. Resource allocation. 
4. Wanted persons. 
5. Parking tag accounting. 


TUCSON POLICE DEPARTMENT 


Current applications: 
1. Personnel records. 
. Inventory control file. 
. Impounded vehicle listing. 
Stolen and recovered property file. 
Criminal arrest file. 
Offense classification (crime) file 
Traffic collision file. 
. Traffic citation file. 
. Police vehicle collision data. 


METROPOLITAN POLICE DEPARTMENT, WASHING- 
TON Dic. 
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Current applications: 
1. Known offenses statistics. 
2. Arrest statistics. 
3. Traffic accident reports. 


State Police 


MICHIGAN DEPARTMENT OF STATE POLICE 
Current applications: 
1. Fingerprint searching. 
2. Traffic accidents. 


NEW JERSEY STATE POLICE 
Current applications: 
1. Fingerprint search. 
2. Criminal arrest. 
3. Motor vehicle arrests. 
4. Motor vehicle accidents. 
5. Crime incidents. 
6. Summons control. 
Planned applications: 
1. Personnel records. 
2. Troop and station activities. 
3. Records and budgetary information. 


PENNSYLVANIA STATE POLICE 
Current applications: 
1. Daily activity reports. 
2. Criminal arrest statistics. 
3. Traffic accident and enforcement summary. 
4. Traffic arrrest statistics by location. 


NEW YORK STATE POLICE 
Current applications: 
1. Message switching for teletype traffic. 
2. Stolen car file listing and searching. 
3. Distribution of personnel. 
4. Personnel time and activity records. 
Planned applications: 
1. Crime statistics. 
2. Traffic summons, records, and statistics. 
3. Patrol distribution. 
4. Accident location information. 
5. Fleet maintenance records. 
6. Pistol permit files. 


CALIFORNIA STATE POLICE 
Current applications: 
1. Records showing effect of enforcement action on 
motor vehicle accident control. 
. Automatic statewide auto theft inquiry system. 
. Statewide statistical information from motor ve- 
hicle accidents. 
. Officer daily activity records. 


—- on 


Courts 


cg OF COMMON PLEAS (ALLEGHENY COUNTY, 
Current application: 
1. Statistical record of all cases filed or at issue. 


DISTRICT OF COLUMBIA COURT OF 
SESSIONS simian 
Current applications: 
1. Daily traffic ticket audit. 
2. Notices for unpaid traffic tickets, 


THE LOS ANGELES SUPERIOR COURT 
Current applications: 
- Register of actions or docket page. 
. Index pages. 
. Attorney scheduling. 
. Accounting of payments to court appointed doctors 
and attorneys. 
. Juvenile traffic records. 
. Index _ of applications for 
recognizance. 
7. Criminal statistics. 
Planned applications: 
1, Automatic printing of branch court calendar pages 
mo ae abstract reports for department of motor 
vehicles. 


no Orme 


release on own 
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THE me es SUPERIOR COURT—Continued CALIFORNIA DEPARTMENT OF YOUTH—Continued 
" ie record immediate inquiry. ‘ demographic information, records of movements 
- Automatic jury selection, testing, notices, payroll, and official actions. 
ae travel reports. ee ; Planned application: 
. Case following system, similar to recording now 1. Correctional decisions information system. 
done on the register of actions. NE ON 
DE puteene ae eps of court reporters tapes to “lad on a Se canal salle cicia 
rin i i ; 
Ee seaeceatt establishment of file for infor- 1. Offenses known to police and arrests by police 


agencies in New York State. 

. Court disposition of arrests. 

. Arrests and court disposition of persons arrested 
for major offenses. 

. Inmate population statistics. 

. Directory of police agencies in New York State. 


Corrections 
CALIFORNIA DEPARTMENT OF YOUTH 
Current application: 
1. Inmate histories including background histories, 


op oo no 
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INTRODUCTION 


In designing or revising an information handling sys- 
tem, the system planner must be able to identify those 
functions and processes which represent either the great- 
est difficulties, bottlenecks, or inefficiencies, or provide the 
greatest potential for improvement from either a cost or 
efficiency point of view. This requires an understand- 
ing and description of the way in which information is 
generated, transmitted, and processed in the system. An 
accurate description of the system is necessary : 

To obtain data on the information flow rates, vol- 
umes, processing times, elapsed time intervals, se- 
quences of operations and operating costs. 

’ To provide the foundation and benchmark against 
which to measure the performance of any proposed 
new system. 

To serve as an experimental model for testing and 
evaluating changes to the system. 

If the operation being analyzed is a complex one, the 
system planner is faced with the problem of collecting 
the information in a systematic way so that he is not inun- 
dated by a huge assortment of facts and figures. He needs 
to organize his description of the current operation so that 
it can be effectively used for system design purposes. One 
tool that has been useful in the analysis of an information 
handling system is the system flow diagram. The flow 
diagram by itself is not sufficient, however. Generally 
more operational data is needed than can be conveniently 
shown on a chart or a diagram. Accordingly, a unique 
approach was developed and programed to assist in 
analysis effort of the police, the courts, and the correc- 
tional systems. This method is described in detail in a 
separate report.’ ; + 2 

Briefly, this approach is based on identifying the major 
functions within the information handling system and the 


1 “Criminal Justice Information System Flow Diagrams’? now in preparation. 
The report will be available from the Federal Clearinghouse for Scientific and 
Technical Information of the National Bureau of Standards. 


information paths by which information moves from func- 
tion to function. By “function” we mean those related 
processes (be they performed by a person, within an office, 
or by a machine) by which information is originated, 
processed, filed, presented to decisionmakers, or otherwise 
utilized. This identifying information is encoded in digi- 
tal form and serves as the description of the basic struc- 
ture of the system. Associated with this can be the other 
parameters of information content, rate, processing time, 
and delay time. However, in this analysis we were only 
able to complete a fairly detailed description of the sys- 
tem structure (the flow diagram). ‘This is presented at 
two levels, by aggregated functions and information paths 
in this section, and by details of each function in the 
separate report.2 The encoded information was used by 
a computer to draw the information flow charts in the 
following sections. 

These flow charts can serve as a model of the first step 
necessary in analyzing the information flow in any de- 
partment, organization, or jurisdiction. To utilize this 
information, the flow charts must be tailored to represent 
the specific system being analyzed. With this framework, 
important questions, such as whether each functioning 
entity is receiving the information it requires and whether 
it is receiving unnecessary or redundant information, can 
be addressed and proper adjustments made to streamline 
and optimize the information flow. Then specific opera- 
tional data and statistics can be gathered. The sum total 
of these are the system requirements and design which 
may then be presented to appropriate levels of supervision 
and management for review and approval. They then 
serve as a basis for detailed system planning, approval, and 
implementation. 

It must be realized that these flow charts are only a tool 
for the systematic description of complex operating sys- 
tems and are only as valuable as the competence and un- 


? Ibid. 
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derstanding of the system designer makes them. Insofar 
as the included flow charts represent reality, they can serve 
to elucidate the complex information flow in the criminal 
justice system and serve as an example of one approach 
to the design of such information systems. 


SYSTEM CONVENTION 


The following system conventions are used in depict- 
ing the information flow in the criminal justice system. 
The information system was divided into four subsystems: 
police, courts, corrections, “other” (persons or systems 
outside the criminal justice system). The functions and 
information paths are encoded as follows: 


Information 
Function path 
Rollceneeestecs se koe Se ees §--- 1Q--- 
Courisheees se eee 6——— 1--- 
Gorrectionse 22°22 <- 2 - 323s 7--- 2--- 
Othe sates oe ree g--- 3--- 


1 On the flow charts the leading zeros are suppressed on the 
identifying codes for information paths. 


The last three digits of the codes are arbitrarily assigned. 
Conventions for function blocks and information flows 
are shown in figures G—i and G-2. 


POLICE FLOW DIAGRAM 


The constraints of time and manpower precluded the 
possibility of undertaking and completing detailed anal- 
ysis of the information flow within several major U.S. 
police departments in order to arrive at a model for 
the information flow within a typical or generic police 
department. Instead, the police information flow dia- 
grams were developed on the basis of a prior detailed 
analysis ° of a major city police department. The in- 
formation flow data collected during that extensive analy- 
sis were generalized to form the basis for the information 
flow diagram presented in this section. While it is recog- 
nized that there are differences in procedure from one 
police department to another, it is felt that this gener- 
alized information flow diagram represents the major 
functions in the police system with sufficient accuracy to 


FIGURE G-1. CONVENTIONS FOR FUNCTION BLOCKS 
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provide at least a starting point for other police informa- 
tion handling systems. 

The police flow diagram is presented in figure G—3. 
The main activities of the police department have been 
categorized and included in the 22 functions shown in the 
flow diagram. Each of these functions consists of many 
nodes which are not shown on this diagram. The police 
activities have.been aggregated into those functions con- 
cerned with patrol and traffic, investigation, command 
and communication, supporting and management activ- 
ities, and those activities through which the police system 
interfaces with other systems. 

Many important police activities are embodied in the 
function that has been labeled field officer (patrol and 
traffic) (5005). This function in the form of field ob- 
servations, field interviews, preliminary investigations, 
arrests, and incident reporting is an extremely important 
source of information for the entire police system. In 
turn, it is one of the main instruments of the department 
in deterring crime and apprehending criminals. If he 
is to carry out this latter mission effectively, then the 
field officer in turn needs information from a number 
of other functions as is evidenced by the information 
paths on the flow diagram. 

Command and control is an extremely important as- 
pect of the field activity, and within the constraints of 
the current system, is maintained through the reporting 
hierarchy of the patrol supervisor’ (5006), patrol com- 
mander (5007), bureau chiefs and the chief of police 
(5004). The communications center function (5012) 
is, of course, vital to the entire field operation. This is 
particularly true for monitoring patrol activities, allocat- 
ing resources for routine or emergency needs, and de- 
ploying officers for special situations. 

_ Another important function of the police department 
is the investigative function (5001). Here the flow of 


3“LAPD Systems Analysis Summary’, SDC-LAPD Joint Study Team, Systems 
Development Corp., Report No. TM(L)-2497, Dec. 31, 1965. 
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FIGURE G-3. POLICE FLOW DIAGRAM 
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FIGURE G-3. POLICE FLOW DIAGRAM  (Con’t) 
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information becomes even more important. This func- 
tion must rely heavily on information provided to it from 
the division and central records unit (5015, 5016), but it 
in turn is also an important contributor of information 
as a natural product of its investigative activities. The 
investigative function also has its hierarchical command 
structure through the investigative supervisor (5002) 
and commander functions (5003), which are concerned 
with effectiveness monitoring and control, allocation of 
resources, and deployment of personnel for special 
problems. 

As indicated, the field officer and investigative func- 
tions interact with the citizen (5008), who provides in- 
formation concerning incidents or requests assistance from 
the police. Until an arrest occurs, a great deal of the 
information generated and transmitted in the police sys- 
tem concerns itself with various aspects of the incident. 
Once an arrest is made, the information generated and 
transmitted begins to centralize on the arrestee (5009) 
himself as he proceeds through the booking function 
(5013) and is jailed, or released on bail or his own recog- 
nizance. At this point also, the police system begins to 
interface with the courts and corrections systems. 

The police information flow diagram portrays the 
processing of information associated primarily with adults. 
For those incidents associated with juveniles, a special 
element of the investigative function is involved and at 
this point the police system interfaces with the juvenile 
court and the correction agencies (7201). 

The supporting functions of the police system are those 
concerned with analysis, planning and management. 
The police commissioner function (5021) is concerned 
with such broad management functions as the formula- 
tion of policy and the conduct of special investigations 
of police department activities. These special investi- 
gations are carried out by the internal affairs function 
(5022). The planning function (5023) supports the 
chief of police (5004) through long-range planning, 
budgeting, and resource inventory activities. The ana- 
lytic function (5017) is concerned with the analysis of 
incidents to detect patterns of activity which are used 
for alerting the other elements of the department. 

In the normal course of conducting its affairs, the police 
department must interact with a number of other systems 
which have not been portrayed in detail, but have been 
categorized as external agencies (5018) on this flow dia- 
gram. ‘These agencies are other local police agencies, 
State agencies, and Federal agencies. The State agencies 
typically include such functions as State highway patrols, 
motor vehicle bureaus, criminal identification bureaus, 
etc. The Federal agencies include organizations such 
as the FBI which both collects data from and supplies 
data to the police department. 


COURT FLOW DIAGRAM 


The flow of information in the court closely parallels 
the course of the case as it proceeds through the court 


system. The information flow diagram presented here 
in figure G—4 is based on an analysis made of the opera- 
tion of the criminal courts in a typical county in an 
Eastern State. Since there are important differences in 
the procedures and operations of the courts from State 
to State, this flow diagram is only broadly typical of the 
operations of the court system. 

The flow of information starts with the decision by the 
prosecutor (6810) to prepare a complaint which identi- 
fies the accused and the charge against him. The com- 
plaint goes to the municipal court clerk (6001) who 
generates the municipal court docket and prepares the 
court calendar. If the accused has been arrested for a 
misdemeanor, the clerk schedules the municipal trial 
(6008) and notifies the various parties involved—the 
accused (6004), his counsel (6010), the prosecutor, and 
the witnesses (State’s 6002, defense 6012)—of the date 
for the trial. If the accused has been arrested for a 
felony, the clerk schedules a preliminary hearing (6003). 

At the preliminary hearing, the information relating to 
the case is reviewed and if probable cause is established, 
the accused is bound over to the grand jury (in those 
States that use the grand jury system). The prosecutor 
may conduct an investigation (6014) of his own. If so, 
the prosecutor’s investigative reports plus the earlier in- 
formation on the case are presented to the grand jury 
hearing (6018) which is scheduled by the grand jury 
clerk (6016). If the grand jury review results in a de- 
cision to indict, then the indictment, after judicial 
review (6020), is transmitted to the clerk of the criminal 
court (6021) who prepares a docket for the case. An 
arraignment and plea schedule (6022) is prepared, the 
files are transmitted to the judge and the accused is ar- 
raigned (6024). If the accused pleads not guilty, a trial 
(6028) is necessary and the case must be added to the 
court calendar (6046), the principals notified, and any 
required summons issued. If the defendant pleads guilty 
or is found guilty, he must be sentenced (6030, 6034). 
At this point the court system interacts with the correc- 
tions system in the form of the presentence report which 
is prepared by the court’s probation department (7112). 

The sentences can take a number of forms—for ex- 
ample, detention in the county jail or in a State prison, 
suspension of sentence, or probation. At any of these 
points, the defendant and the information about him 
enters the corrections system. 


CORRECTIONS FLOW DIAGRAMS 


The corrections system flow diagrams present a picture 
of the flow of information between the various functions 
required in the corrections areas. For this discussion the 
corrections system has been divided into adult and 
juvenile parts. Since the Federal correction system is 
very similar to the local and State adult corrections sys- 
tem its flow charts have been included in the separate 
Report. 


MUNICIPAL AND COUNTY ADULT CORRECTIONS 


As shown in figure G—5, the local prosecutor (6014) 
may or may not have adequate means via special in- 
vestigators to obtain sufficient information about the cir- 
cumstances under which the accused is charged. In 
either case, he may decide to utilize the services of proba- 
tion and parole office personnel (7751) to conduct a 
pretrial deferred prosecution investigation. With leads 
from the prosecutor’s available files on the case, the 
assigned field officer (7752) obtains information about 
the defendant's alleged crime and his background through 
interviews (7753) with the defendant and his attorney 
(9110) , codefendants (9111), his wife and family (9112), 
the welfare agency (9113), his employers (9114) , doctors 
(9115), religious and civic leaders (9116), and any wit- 
nesses, complainants, and victims (9117). The field 
officer summarizes the interviews and prepares a sum- 
mary of results in the form of a pretrial investigation 
report; the interview summaries and one copy of the re- 
port go to the probation and parole office (7751) while 
another copy of the report is transferred to the prosecutor 
(6014). 

The next functional area involves a presentence inves- 
tigation, usually requested by the municipal (6008) or 
the felony court judge (6030, 6034). This is initiated 
by the assignment of a county probation department field 
officer (7111, 7112) who primarily utilizes the interview 
technique (7113) to obtain pertinent information con- 
cerning the background of the accused from persons ac- 
quainted with him and information related to the crime 
from any available source. Specific requests—a rap 
sheet from police (5016), a crime report from the prose- 
cutor, and an FBI identification record (5111), if avail- 
able—are made, and any response information is added 
to the investigation details. The field officer then makes 
a summary report and sometimes, when requested, adds 
his recommendation for sentencing. 

Another function involves the temporary evaluation 
and/or treatment of the accused by the department of 
mental health. (Fig. G-4, 7110) This action is taken 
on recommendation by the court. A mental health re- 
port is generated and forwarded to the court upon re- 
lease of the accused from temporary detention. 

Probation (7114) is a corrections area procedure ini- 
tiated by appropriate court order. The order, the terms 
of probation and the presentence report are forwarded to 
the assigned probation field office supervisor (7115). 
The supervisor conducts periodic interviews with the 
probationer (9123), recording information in ‘his field 
book and issuing periodic probation reports which go to 
the probation department. Any information obtained 
from the probationer, the police, or the prosecutor indi- 
cating possible violation of probation is reviewed by the 
field office supervisor (7119) and, if serious enough, sub- 
mitted to the probation department (7116) for a decision 
on dismissal or court referral. On referral, the court 
with jurisdiction in the case holds a violation hearing 
(6113, 6114) and either dismisses charges or issues a 
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detention order. Appropriate notices go to the super- 
visor and the probation department file. 

If the sentence involves short term detention, a deten- 
tion order accompanies the sentence to the local detention 
facility (7117). Here the duration of detention varies 
from days and weeks in municipal jail or short-term city 
institutions to weeks and months in county jails, camps, 
or farms. 


STATE ADULT CORRECTIONS 


As shown in figure G6, a sentence for State detention 
is given by the court (6034) in more serious cases where 
confinement duration of at least 1 year is called for. 
Upon issuance of such a sentence, the court’s detention 
notice and presentence report accompany the offender 
to the State institution reception center (7118) for recep- 
tion processing. This processing includes the solicitation 
of specific information about the individual’s background 
and about his current attitudes via questionnaire forms 
to the defendant and his attorney (9140), his employers, 
teachers, family (9141) and other State and Federal 
institutions and agencies (9142) that may have informa- 
tion about him. Based on all the available information 
on the offender, a decision is reached on the appropriate 
State institution to be used for his confinement. 

Upon receipt of reception center advice, including 
detention terms and the inmate’s record, an institution 
classification committee selects (7141) the appropriate 
program from among those available within the assigned 
institution based on security requirements and rehabilita- 
tive goals. An assigned institution program supervisor 
(7142) monitors the inmate’s progress, performs coun- 
seling (7143), and prepares periodic assessment reports, 
which are regularly reviewed by a reclassification com- 
mittee. Based on supervisor recommendations, security 
or program requirement reconsiderations, or expiration of 
specified periods of detention time, a decision is reached 
on reclassification (7144) of the inmate. Alternatives 
include no change in status, transfer to another program 
in the institution (7146), transfer to another State insti- 
tution (7145), submission of a parole plan to the State 
parole board (7147), or release upon completion of 
sentence. 

The State parole board, which receives the parole plan 
and available assessment reports, reviews the plan and 
either rejects it or orders a preparole investigation 
(7148) to augment existing information for subsequent 
acceptability review. The investigation is conducted by 
a State parole field officer (7149) who usually interviews 
(7150) intended sponsors (9146), and potential school 
(9145) and/or employer (9144). Interview details are 
used as the basis of a preparole investigation summary re- 
port; details are retained in the State parole office investi- 
gation file and the summary report is transferred to the 
parole board for its acceptability review (7151). 

Prior to a parole decision, the board may require psy- 
chiatric treatment (7154) for the inmate at the outpa- 
tient psychiatric clinic. A treatment order for temporary 
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FIGURE G-4. 


COURT FLOW DIAGRAM 
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FIGURE G-5. MUNICIPAL AND COUNTY ADULT CORRECTIONS FLOW DIAGRAM 
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FIGURE G-G6. STATE ADULT CORRECTIONS FLOW DIAGRAM 
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detention is issued to the clinic and a treatment report is 
returned upon termination of this temporary detention. 
The State parole board accepts or rejects the parole 
plan; appropriate notice goes to the institution reclassifi- 
cation committee and, if accepted, parole advice from 
the board is transferred to the State parole office, where a 
parole supervisor is assigned (7152). The parole super- 
visor (7153) initiates periodic interviews with the parolee 
(9143), recording results in his fieldbook and submitting 
periodic parole reports to the State parole office. 
During the period of time that the parole supervisor 
has responsibility for the parolee, it may happen that the 
supervisor would feel the need for the parolee to get spe- 
cial treatment. If so, he may arrange for temporary de- 
tention of the parolee with either the outpatient psychia- 
tric clinic (7154) or the State narcotics center (7155). 
A treatment request would be submitted upon admission 
and an appropriate treatment report would go to the su- 
pervisor upon return of the individual to parole status. 
If any alleged parole violation information is received 
by the parole supervisor (7156) from any source, such as 
the parolee, the police (5016) or the prosecutor (6810), 
he forwards the violation report to the State parole office 
if he considers it serious enough. A review by the parole 
office (7157) may result in either no further action or the 
transfer of violation data to the State parole board. A 
hearing (7158) by the board will result in dismissal of 
violation charges or the transfer of detention notice to the 
appropriate institution. In either case, the decision 
notice is forwarded to the supervisor. 


COUNTY JUVENILE CORRECTIONS 


As shown in figure G—7 the county probation office 
(7201) can receive referrals on juvenile suspects from mu- 
nicipal courts (6201), from citizens complaints (9201), or 
from community agencies (9202). Complaint petitions 
may also come from police as a result of booking (5016) 
or preliminary investigation functions (5001). An ini- 
tial, but incomplete, file on the juvenile is likely to be 
received from municipal court or police sources. The pro- 
bation office usually initiates a prepetition investigation. 
The assignment notice and incomplete juvenile file go to 
the investigating officer (7202), who conducts interviews 
(7203) for obtaining information on the juvenile’s back- 
ground and on the circumstances of the charges. Sum- 
maries are made by the officers based on interviews with 
the juvenile (9203), his parents (9204), his doctors 
(9208), religious and civic leaders (9209), welfare agen- 
cies (9205), complainants (9206), and any employer 
(9207) who may have hired him for any period of time. 
A comprehensive summary report of investigation results 
is then prepared by the officer and submitted for action 
and filed (7205). 

The county probation office (7204) reviews all col- 
lected information on the juvenile case and acts on the 
complaint by either dismissing the case or referring it to 
the juvenile court (6202). Upon referral, the juvenile 


court judge reviews the case, sometimes discussing it with 
a probation office official. 

At the earliest possible time, the probation office pre- 
pares a petition (7206) for a hearing on the case in 
juvenile court (6203). If found guilty, the juvenile is 
subject to one of several handling alternatives based on a 
court decision (6204). He could be put on probation in 
nonward status or as a ward of the court. As a ward of 
the court, he may also be directed to one of several avail- 
able county programs (7217). Another possibility is that 
a State detention order will be issued which will assign 
the juvenile to the State youth authority (fig. G6, 7224). 
The court may decide that evaluation and/or treatment 
by the department of mental health (7214) is desirable 
for the juvenile; in this case, a temporary detention order 
is forwarded to the department and, upon termination of 
the detention, a mental health report is transferred to the 
court for a subsequent case handling decision. 

If the juvenile is put on nonward probation, the county 
probation office assigns a probation supervisor (7207) to 
the juvenile. The supervisor conducts periodic interviews 
(7208) with the youth (9203) and his parents (9204). 
Reports prepared from these interviews are forwarded to 
the county probation office file. Any incident data com- 
ing from the juvenile, his parents, or the police (5016) 
which indicates a potential violation of probation is re- 
viewed (7209) by the supervisor. He may pass it on to 
the probation office (7210), and if serious enough, a ju- 
venile court hearing (6205) will be set. Results of the 
hearing may change the probation terms or the juvenile 
may be put under a different program. 

If the juvenile is put on ward probation status, he is 
subject to the same probation procedure (7211, 7212) as 
if he were on nonward probation with one exception. A 
court official is directly involved in any alleged violation 
review (6206, 7213) and decides what action must be 
taken, if any. 

On a recurring basis, the court probation office solicits 
applications from potential foster homes via recruiting 
publicity. Applications are reviewed and either accepted 
or rejected (7215, 7216). Data pertinent to acceptable 
foster homes is maintained in the county probation office 
file (7205) for subsequent reference. 

If the juvenile is recommended for one of the several 
county programs, the appropriate program and the de- 
termination of its availability is considered by the juvenile 
court (7217). Concurrences on the selected program 
are sought from the youth, his parents (9204), the proba- 
tion office (7221) and from either the foster home (7222) 
or the private institution (7223). With positive con- 
currence on a specific program from those affected, a de- 
cision is reached by the court whereby the juvenile is put 
under supervision in a county camp (7218), a foster 
home (7219) or a private institution (7220). Periodic 
reports on the youth’s progress in the assigned program 
are submitted to an appointed court official for review 
(6208). The court official can also decide on any re- 
quested transfer from one program to another (6207) 


STATE JUVENILE CORRECTIONS 


If the juvenile offense is serious enough to warrant 
State detention, his file accompanies him to the State 
youth authority reception center (7224), as shown in 
figure G—8. Regardless of the information about the 
juvenile already available from the county probation office 
file (7205), the reception center initiates requests for 
specific information via questionnaires to various sources, 
such as, the juvenile (9203), his parents (9204) , teachers 
and school officials (9217), the social worker (9211) and 
the police (5016). Information sought includes the 
juvenile’s identity and description, probation reports, so- 
cial worker reports, police and/or court records, and 
community school reports. Desired clinical evaluation 
data includes social and environmental history, psycho- 
logical and psychiatric status, intelligence and educa- 
tion, violence potential and medical history. 

With access to this information, the authority is able 
to decide the most appropriate rehabilitative program. 
The juvenile may be ordered to a State detention camp 
(7225), physical rehabilitation institution (7226), or a 
correctional educational institution (7227). Prior to his 
transfer to one of these establishments, or during his study 
at one of these, it may be decided that the youth requires 
an evaluation and/or treatment by the department of 
mental health (7214). Here, he is temporarily detained 
for examination and a mental health report is prepared. 
At each of the three State institutions just mentioned, the 
youth receives appropriate supervision. Periodic assess- 
ment reports are prepared, and he may be transferred 
from one to another of these institutions. 

Among other points of review in the juvenile’s periodic 
assessment is that of parole consideration. Parole rec- 
ommendation and the juvenile file are submitted to the 
State youth authority board upon decision by institution 
supervisors to recommend parole. A preliminary re- 
view is made by the State youth authority board (7228). 
The board may reject parole at this time, or it may 
request a pre-parole investigation by the State parole 
division. 

Assignment (7229) is made to the State investigating 
officer to determine the details (7230) of an appropriate 
parole situation. The officer interviews (7231) the 
planned sponsor (9216), usually a family, and potential 
school (9210) or employer (9215) where the juvenile’s 
activities are to be centered. Details and summaries of 
these interviews are submitted to the State parole division, 
where a specific parole plan is prepared (7/232). 
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The State youth authority board reviews the specific 
parole plan. An adverse decision results in rejection 
notices being transmitted to the institution supervising the 
juvenile and the parole plan designer in the State parole 
division. Board approval results in an acceptance notice 
going to the institution presently supervising the juvenile 
and the board official who must assign a State parole 
supervisor (7233) for the youth. 

Parole involves periodic interviews by the supervisor 
(7234) with the juvenile and his sponsor (9213). Re- 
sults are recorded in the supervisor’s fieldbook and reports 
are prepared from information in the fieldbook. Any 
data involving possible violation of parole may come to 
the supervisor from the juvenile, his sponsor, his school 
(9214), his employer (9212), or from the police (5016). 
The supervisor considers the seriousness of the alleged vio- 
lation (7235) and may dismiss it as insignificant, decide 
to require the youth’s supervision in a youth detention 
center (7236), or refer the matter to the State youth 
authority board. Return to parole from the youth deten- 
tion center would be ordered by the supervisor if reports 
from the center show that return to parole is warranted. 

Parole violation review by the State youth authority 
board (7237) may result in dismissal of violation charges 
or the youth’s return to a State institution. The latter 
decision causes a parole revocation notice to be trans- 
ferred to the appropriate institution. 
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Appendix H 


ANALYSIS OF THE COSTS OF A CENTRALIZED VERSUS 
DECENTRALIZED NATIONAL INQUIRY SYSTEM 


by Ronald Finkler 


Contents 


pe Saree, Shah Een ae Se 186 
IO ee ES SPN oe ee 186 
PRT Ie aS ae ET ne ER TP 190 
MES OeR SE Coen Phe 2 to gis: Bier Borate. Rae? 1198 
SEOs inion tein SrA ce iat 195 


ait OMe aA ae AC AE 195 


INTRODUCTION 


Modern computer technology makes possible a national 
inquiry system by which local law enforcement agencies 
can obtain information from a national file on stolen 
automobiles, stolen identifiable property, guns, and 
wanted persons. An analysis has been conducted to in- 
vestigate several alternative system configurations to de- 
termine which one involves the least incremental system 
cost. The three major cost factors considered are the 
cost of computation, the cost of computer storage, and 
the cost of communication. The cost and workload esti- 
mates are based on analyses being carried out for the 
FBI by the Institute of Telecommunication Sciences and 
Aeronomy of the Environmental Science Services Admin- 
istration of the Department of Commerce. The informa- 
tion is preliminary since their final report has not yet been 
written. 

Three national system models were chosen for this anal- 
ysis. The first is a centralized system where all functions 
are performed at a single centralized location. For this 
model, two location alternatives were considered: the 
minimum cost location and Washington, D.C. The sec- 
ond model was a national system maintained in two loca- 
tions to minimize communication costs. Here again, two 
alternatives were considered: a minimum cost pair of 
locations, and a pair of locations where one was con- 
strained to be Washington, D.C. and the second posi- 
tioned so as to minimize costs. It is assumed that each 
location has a complete copy of the national file. The 
third model was a completely distributed system where 
each State had to interrogate all States in order to search 
the national file completely. 

The analysis of the three system models was essentially 
divided into two parts, one related to the problem of 


stolen autos and the second related to the problem of 
stolen identifiable property, guns, and wanted persons. 
This differentiation was made because inquiries of the 
stolen auto file, based on license plate information, have a 
specific State location to which they can be addressed. 
This is not the case for inquiries of the other files. A 
second consideration is that about 45 percent of stolen 
autos are recovered within 24 hours and about 70 percent 
are recovered within the jurisdiction of theft, with a high 
probability that a large fraction of the remainder are 
recovered in immediately surrounding jurisdictions. In 
the case of wanted property, guns, and persons, the prob- 
ability of inquiry also decreases rapidly with distance from 
the point of theft or crime. More data are needed to 
assess the value of national integration of the inquiry 
system. Eventually, a judgment must be made weighing 
the loss in nonrecovery or nonapprehension as a result of 
a police jurisdiction not having ready access to a complete 
national file against the cost of maintaining such a file. 
This cost analysis will attempt at least to place cost on 
some aspects of these various alternatives. 

All the systems studied here, including the decentralized 
one, were nationally integrated in the sense that a com- 
plete national file is made available to each inquiry station. 
It is still possible to have separate, nonintegrated State or 
regional systems, accepting the penalty of losing track of 
people or property crossing the regional boundary. 


THE COST MODEL 


_ It is assumed in the cost model that each State has 
implemented in its State capital a State-wide inquiry 
system to serve its other needs. From the resulting work- 
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load, only the following portions are treated in this 
analysis: 


Stolen autos; 


Stolen identifiable property over $1,000 in value; 


Wanted persons whom the State is willing to extra- 
dite from anywhere in the United States. 


This workload consists of: 


Entries, either the generation or deletion of a record 
in a file of reports of thefts or wants; 


Inquiries, the processing and searching of these files. 


After processing each entry, other than those relating 
to stolen autos, the State will pass on the entry to the na- 
tional system for the generation or deletion of a file 
available to other State systems. Similarly, after process- 
ing each inquiry, other than those relating to stolen autos, 
the State will pass on the inquiry for search of the national 
file. This is necessary since a given item or person may 
appear in either or both the State and national files even 
with the nonoverlapping definitions of the files. 

For the stolen auto file, two cases are considered: 


Case 1—Entries related to the theft of an auto are 
sent to the national system after 24 hours and the 
entry is deleted from the State file. Inquiries related 
to this file must be processed both in the State sys- 
tem and sent on to the national system since the time 
of theft would not be known. 


Case 2.—Entries are still sent on to the national 
system after 24 hours but they are not deleted from 
the State system. Inquiries based on “own State” 
license plate information are processed only in the 
State system; inquiries based on out-of-State license 
plates or on autos without plates are sent on to the 
national system without prior State processing. 


The incremental cost equation for computer time in the 
jth State for both cases is given by: 


j= (EB jtce+T1 ster) C. 
where: 


E,;=Total number of entries/month generated in 
the jth State. 


I,=Total number of inquiries/month generated in 
the jth State. 


Tox —= Computer time necessary to process one entry. 


Tor= Computer time necessary to process one 
inquiry. 


ter time. 


C,=Cost per unit compu 
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For this analysis, we assume that: 


TcE—TcI— 1 second 
Therefore, 
Oy=(E,4+1)C. 


where: 


C,—=Cost per second of computer time. 


The incremental cost equation for storage in the jth 
State is given by: 


Case 1: 
On j=Si5C; 
Case 2: 
Cx5= Sos C; 
where: 


S,,;—File storage size for Case 1 in millions of char- 
acters for the jth State. 


S.,;=Same for Case 2. 
C,=Storage cost per million characters, 

It is assumed in the cost model that communications 
between the State and national systems will be provided 
on a dedicated line basis by GSA utilizing Telpak lines at 
standard GSA rates. This cost per line is of the form: 


C,+Cid 


where: 
C,=terminal cost/line/month. 
C,=line cost/mile/line/month. 
d—toll line distance of the line as given by A.T. & T. 


The number of lines required between the jth State and 
the national system for the two cases considered are given 


L, ,=(4K ((Eojt+ Ea) t2et+L 57141 
Case 2: 
Ty j= [4K (E3442 aj)t2t Lost 051 0;)t1)| 41 
where: 
[x] Largest integer less than the argument z. 


E,,;=Total number of entries/month for files other 
than stolen auto generated in the jth State. 
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E,;=Same for stolen auto file. 


I,,;=Total number of inquiries/month for files other 
than stolen auto generated in the jth State. 


I,j;=Same for stolen auto file. 


Te=Communication time for transmission of an 
entry. 


7;=Communication time for the transmission of 
an inquiry and reception of a reply. 


K=Conversion factor. 


The numerical factors contained in these equations are 
based on the following considerations: 


(_] The factor 4 in communication capacity is used to 
compensate for peak loads caused by the variability of the 
communication load over the day. It is used to insure 
a high probability of a line being free when required with 
minimum delay.? 
(] The factor 1% applied to E,; is based on data indicat- 
ing that approximately 50 percent of stolen autos are re- 
covered within 24 hours, therefore only one-half of the 
entries generated within the State would be passed on to 
the national system. 
(] The factor .05 applied to Ja; in Case 2 is based on the 
assumption that when a State is maintaining its own stolen 
auto file, approximately 5 percent of the inquiries would 
be on out-of-State autos or autos without license plates. 
Three national system models were chosen for this 
analysis. The first is a centralized system where all func- 
tions are performed at a single centralized location. For 
this model, two alternatives were considered: The mini- 
mum cost location and Washington, D.C. The second 
model was a national system in two locations to minimize 
communication costs. Here again, two alternatives were 
considered: A minimum cost pair of locations and a pair 
of locations where one was constrained to be Washington, 
D.C., and the second positioned so as to minimize costs. 
It is assumed that each location has a complete copy of 
the national file. The third model was a completely 
distributed system where each State had to interrogate all 
States in order to completely search the national file. 


CENTRALIZED NATIONAL SYSTEM 


For the centralized system (fig. H-1), the computer- 
time cost equations for the two cases are given by: 


Casel: 


C= 2a (Boyt Eas) roe t Lsrer) Oc 


Case 2: 
ho= >) (Hoyt 3k as) tox + (Loj+-052 43) ton) C, 
J 


FIGURE H-1. CENTRALIZED NATIONAL SYSTEM 


NATIONAL 
SYSTEM 


LOCAL & STATE 
POLICE JURISDICTIONS 


<> 


Ease 
J 


J 


where the variables are defined as before and if the 
assumption that teg=rTc7=1 second is made as 
before: 


Case 1: 
On = D3 (Eoj+ 3a t+1;)C, 
j 


Case 2: 
Oxp= 2 Boj thE astLoj3t+.051 03) CO, 
J 


_The cost equation for storage for both cases is 
given by: 


C=SiC5 
where: 
S;=National file storage size in millions of 
characters. 


Cs=as before. 
TWO-LOGATION NATIONAL SYSTEM 

For the two-location national system (fig. H-2) 
the computer time costs equations for the two cases 
eee assuming that toz=Ter=1 second) are given 
vs 

Case 1 (first location) : 


O= Bi(Bort ah atl). 


' Letter report from Donald R. Macken, Institute for Telecommuniation Sciences 
& Aeronomy, to J. J. Daunt, FBI; Subject: Fifth Progress Report in a series on the 


National Crime Information Center Telecommunications Study, ITSA Project No 


V52362420; Sept. 6, 1966. 


— 


FIGURE H-2. 
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TWO LOCATION NATIONAL SYSTEM 


NATIONAL 
SYSTEM 
(2ND LOCATION) 


LOCAL & STATE 
POLICE JURISDICTIONS 


where k is the index of the States serviced by the 
first location. 


Case 1 (second location) : 


C= Eat pat h)Ce 


where J is the index of the States serviced by the 
second location. 

However, the sum is just the centralized computer time 
cost. 


C=O" +0" 


Similarly for Case 2, the computer time cost is the same 


Cap. . . 
In addition to this cost, there is the further cost of each 


location updating the other in order that each maintains a 
complete national file. This cost for both cases is given 


by: 
O= D5 (Bort Ea C+ 2a (Bort had) C. 
k 


=D (Eojt+ hay Ce 
J 


The cost for storage at each location for both cases is 
C,, the national file storage cost, or a total of 2C,. 

Additional communication lines are also required be- 
tween the two locations, given by: 


L;= [sKDE ie | EE [sere | =| 


DISTRIBUTED SYSTEM 


For a fully distributed system (fig. H-3), the system 
configuration assumes complete State files maintained in 
each State and a centralized communications switching 
point for distributing the inquiries from each State to all 
the other States. The total computer time cost equation 
(neglecting the cost of the central switching point) is 
given by: 


Os= Est 1) C+ 22a oxt 051 ax) 
j jk 
— (14;+.05745))C, 


The total storage cost equation is given by: 


Cn= pa Or 5 
j 
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FIGURE H-3. DISTRIBUTED SYSTEM 
i ee eee ee ee 


CENTRAL 
SWITCHING 
POINT 


LOCAL & STATE 
POLICE JURISDICTION 


= l= Interstate inquiries from 


State j switched to 


E +1, each other State. 
JS J 


The number of communication lines required between the 
jth State and the central switching point is given by: 


L=|4K{ Peon jr, |+1 
FAKES Tort 05 Lox) — Loy + 05a) r1 | +1 


ESTIMATION OF NUMBER OF ENTRIES AND 
INQUIRIES 


The following is an abstract of the Fifth Progress Re- 
port in the series on the National Crime Information 
Center Telecommunications Study, ITSA Project Num- 
ber V52362420. ‘Their analysis estimates the workload 
requirements on the NCIC system for 1970. The num- 
ber of offenses for that period was estimated in two dif- 
ferent ways. ‘The first based on a straight-line extrapo- 
lation of the offenses as a function of population at the 
current crime rate, and the second based on extrapolation 
of the crime rate. In table H—1, of the two numbers 
given for each State, the upper number is the straight- 
line extrapolation and the lower number is based on the 
crime rate extrapolation. 


The first consideration which must be given to any 
telecommunications network design problem is the 
data rate. For the NCIC study, crime data pub- 
lished in “Uniform Crime Reports,” an annual pub- 
lication published by the FBI, have been used as the 


numerical data foundation. In addition, two real 
time systems, smaller in scope but similar to the 
NCIC in operation, are now functioning in the 
United States. These are in California and St. 
Louis, Mo. The experience gained from these two 
automated systems has been used in predicting system 
usage. : 

The State of California has had more experience 
with the use of real time computerized law enforce- 
ment data than any similar organization in the 
Nation, and on a wider scale, since all levels of State 
and local government are involved in the California 
program. The California statistics, on the usage of 
the system have been checked against similar statis- 
tics from other users and found to correlate very 
closely in all cases. With these things in mind, the 
1965 California data were selected as the prime basis 
for usage predictions for the NCIC network. 

In table H—1 the first and second columns are the 
1970 predictions for number of stolen autos and the 
number of all other offenses, respectively. Of the 
stolen autos, 50 percent are recovered within 24 
hours and will not be reported to NCIC. Eighty- 
nine percent of the remaining 50 percent, or 44.5 
percent of the total, are eventually recovered and 
their entries will need to be deleted. Together the 
entries and deletions (called “entries” in the table) 
amount to the equivalent of 94.5 percent of the total 
number of stolen autos. This gives a monthly rate 
of approximately 8 percent of the total number of 
stolen cars per year. 

California in 1965 had 27,000 entries per month, 
exclusive of autos, or 324,000 entries per year. For 
the same period, there were 410,000 offenses in Cali- 
fornia for the same group of crimes. These figures 
give 0.80 as many entries as offenses for the year, or 
approximately 0.07 times as many entries per month 
as offenses per year. Thus: 


Offenses (per year) X 0.07 = interrogations per 
month for crimes other than auto theft. 


In 1965, California had an average of 40 interro- 
gations per hour of their Auto-Statis center. This 
amounts to 345,600 interrogations per year. During 
the same period 81,773 autos were reported stolen. 
Therefore, during the year, there were 4.21 interro- 
gations per stolen auto. Reduced toa monthly basis, 
this is 0.35 interrogation per month, per stolen car, 
per year. 


Stolen cars (per year) X 0.35 = interrogations per 
month 


Interrogations of NCIC, for offenses other than 
auto theft, probably should be based on the number 
of arrests, since arrested persons are likely to be the 
ones checked against the information at NCIC. 
From “Uniform Crime Reports, 1965,” a population 
of 134 million had 4,955,000 arrests. Deleting the 


Table H-1.—Estimated Entries and Interrogations to the Central Inquiry File in 1970? 
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Offenses/year Entries/month Interrogations/month Total Communication time (minutes/hour) 
Auto Others Auto Others Auto Others Entries Interroga- Entries Interroga- Total 
tions tions 

United States 469,000 | 3,058, 000 51,900 | 214,100} 227,200 | 382,250 | 266,000 | 609,450} 126.00 423. 00 549. 00 

___ 427,547 | 3,447’ 070 47,876 | 240,160 |  254'764 | 431/000 298,036 | 685,764 | 138.40 476. 00 614. 40 
BNO A on ees oo 4, 800 44, 300 380 3, 100 1,670 5, 540 3, 480 7,210|  —«*1.61 5.00 6.61 
5, 550 50,000 440 3,500 1, 940 6, 250 3; 940 8, 190 1,82 5. 68 7. 50 

PT IZOND ae peice tonne ot 6, 150 35, 200 490 2, 460 2, 160 4, 400 2,950 6, 560 1, 36 4.56 5.92 
6, 930 40, 000 550 2; 800 2’ 430 5, 000 3) 350 7, 430 1.55 5.15 6.70 

ANKanSaS2eee a. resae= one 2,180 17, 220 170 1, 210 760 2, 150 1, 380 2,910 64 2.02 2.66 
2; 340 19; 400 190 1) 360 820 2’ 420 1) 550 3, 240 "72 2.25 2.97 

California 108,800 | 544, 000 8, 700 38, 100 37, 800 68, 000 46,800 | 105, 800 21. 60 73. 50 95. 10 
121,500 | 614,000 9) 620 42,000 42’ 400 76, 800 51,620 | 119, 200 24.00 82. 50 106. 50 

ROLO SA oe cee an vase 6, 510 34, 000 530 2, 380 2, 280 4, 250 2,910 6, 530 1.35 4.52 5, 87 
7, 350 38, 300 590 2; 680 2, 580 4 780 3,270 7, 360 1.52 5.05 6.57 

Connecticut : 8, 200 35, 700 660 2, 500 2, 880 4, 460 3, 160 7, 340 1.46 5.02 6.48 
9) 220 40, 300 750 2, 820 3, 230 5,040 3,570 8) 270 1.65 5. 70 7.35 

Delawalez 2.2.2: 2-5-~.* 1, 600 7,020 130 490 560 880 620 1, 440 .29 1.00 1. 29 
1,850 7,910 150 550 650 960 700 1610 132 1.12 1.44 

District of Columbia _____._ 12, 650 55, 350 1,010 3, 880 4, 430 6, 920 4, 890 11, 350 2. 26 7.88 10.14 
14, 300 63, 700 1) 140 4, 460 5, 000 7, 960 5, 600 12, 960 2, 59 8.95 11.54 

Lit a eee 16, 000 132, 500 1, 280 9, 250 5, 600 16, 560 10, 530 22, 160 4. 86 15. 35 20. 21 
18, 100 157,000 1) 450 11; 000 6, 370 19, 620 12, 450 25, 990 5.76 18. 00 23.76 

Goode ee 11, 200 58, 400 900 4, 060 3, 920 7, 300 4, 960 11, 220 2. 30 7.78 10.08 
12, 670 65, 600 1,010 4° 600 4, 440 8) 200 5, 610 12, 640 2.54 8.78 11. 32 

juste. ee 940 7, 700 80 540 330 960 620 1, 290 .29 90 1.19 
1,060 8, 660 90 610 370 1, 080 700 1) 450 "32 101 1.33 

Miners 2 tek 53,700 | 174,000 4, 300 12, 200 18, 700 20, 500 16, 500 39, 200 7.65 27, 20 34.85 
60, 500 197) 000 4, 840 13, 800 21, 200 24, 620 18, 640 45, 820 8.62 32. 80 41,42 

Indianaseeees ne se na 15, 250 63, 900 1, 220 4, 480 5, 360 7, 990 5, 700 13, 350 2.64 9, 30 11. 94 
17; 200 72, 200 1) 380 5,050 6, 060 9 020 6, 430 15, 080 2.97 10. 50 13.47 

[oWar coe sede oor 3, 830 22, 300 310 1, 560 1, 340 2, 660 1,870 3, 000 .87 2.08 2.95 
4, 320 24, 800 350 1,740 1510 3, 100 2090 4,610 ‘97 2.52 3.49 

kanes 3, 640 26, 000 290 1, 820 1, 280 3, 250 2, 110 4, 530 98 3.14 4.12 
4,110 29; 300 330 2,050 1) 440 3; 660 2 380 5, 100 1,10 3.54 4.64 

Keintickyi-2 6, 400 38, 000 290 2, 660 2, 240 4,750 2, 950 6, 990 1. 36 4.85 6. 21 
7, 210 42; 900 330 3,000 2, 530 5, 360 3, 330 7, 890 1.54 6.16 7.70 

Poulsianaetusse ee oad 9, 500 44, 900 760 3, 140 3, 520 5,610 3, 900 9, 120 1.80 6.32 8.12 
10, 720 50, 600 860 3) 540 3, 770 6, 320 4, 400 10, 090 2.04 6.95 8.99 

A ee er eee 1, 170 7,790 90 550 410 970 640 1, 380 30 96 1.26 
1) 330 8, 800 110 610 470 1, 100 720 1,570 33 1,09 1,42 

Maryland......-.---------- 14, 200 66, 200 1,140 4, 640 4, 970 8, 280 5, 780 13, 250 2.74 9. 28 12.02 
16, 000 74; 500 1; 280 5, 220 5, 600 9, 310 6, 500 14; 910 3.00 10. 35 13.35 

weer 38, 000 70, 200 3,040 4, 910 13, 300 8, 780 7, 950 22, 080 3.68 15. 30 18. 98 

Massachusetts_ 42" 700 78, 000 3) 420 5) 460 14, 950 9, 750 8, 880 24, 700 4.10 17.10 21. 20 
te ae ene 35, 000 155,000 2, 800 10, 850 12, 250 19, 380 13, 650 31, 630 6.52 21.90 28.42 
39, 500 174, 500 3; 160 12, 200 13" 850 21, 810 15, 360 35; 660 7.2 24. 80 31.92 

or «1 | eae eee 9, 540 44, 800 760 3, 140 3, 330 5, 600 3, 800 8, 930 1.75 6. 20 7.95 
bee a 10° 750 50, 600 860 3) 540 3, 780 6, 320 4; 400 10; 100 2:04 7.02 9. 06 
ississippl 2, 380 18, 920 190 1, 320 830 2, 360 1, 510 3, 190 .70 2. 22 2.92 
ee ee 2’ 690 21, 350 220 1, 490 940 2; 670 1,710 3, 610 80 2.51 3.31 
raaptit 50 80, 000 1, 250 5, 600 5, 480 10, 000 6, 850 15, 480 3.16 10.75 13.91 
ee es i £20 90; 200 1) 410 6, 300 6, 170 11, 280 7,710 17, 450 3. 56 12.10 15.66 
8, 290 150 580 650 1,040 730 1, 690 34 1.17 1.51 

RIGERR A semen oseraeto ss 136 9° 350 170 650 740 1; 170 820 1,910 "38 1,32 1,70 
13, 500 260 940 1, 120 1, 690 1, 200 2, 710 56 1.88 2.44 

NOD RS KE ase man ate 2-954 3 B00 15, 250 290 1,060 1) 260 1, 910 350 3,170 63 2. 20 2. 83 
11, 200 200 780 900 1, 400 980 2, 300 45 1.60 2.05 

Nevada...--.------------| 80 | 47709 230 380 1, 010 1, 580 1, 110 2, 590 “51 1.80 231 
5, 220 60 360 270 650 420 920 19 64 83 

New Hampshire......----- ih 8 000 70 420 310 | 750 430 1, 060 23 "74 “97 
700 2, 120 6, 750 9, 280 12, 090 8, 870 21, 370 4.11 14. 80 18. 91 

New Jersey...-...-------- 7 Oy | 1085000 2! 340 7°630| 10,220| —-13,620| 9,970 | 23, 840 4,62 16. 50 21. 12 
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Table H-1—Continued 


Offenses/year Entries/month Interrogations/month Total Communication time (minutes/hour) 
Auto Others Auto Others Auto Others Entries Interroga- Entries Interroga- Total 
tions tions 
New Mexico.____._________ 3,040 17, 500 240 1, 220 1, 060 2, 190 1, 460 3, 250 . 68 2. 28 2, 96 
3, 390 19, 700 270 1, 380 1,190 2, 460 1, 650 3, 650 .76 2. 54 3. 30 
New Yorke. 2a ed 68, 000 318, 000 5,440 22, 200 23, 800 39, 750 27,640 63, 550 12. 80 44. 20 57. 00 
76, 500 358, 000 6, 120 25, 020 26, 800 44,750 31, 140 71, 550 14, 40 49.70 64.10 
North Carolina... 7, 050 57, 000 560 4, 000 2,470 6, 120 4, 560 8, 590 Zell 5.95 8.06 
7,940 64, 400 640 4, 500 2, 780 8, 050 5, 140 10, 830 2. 38 7.50 9. 88 
North Dakota. 660 3, 680 50 260 230 440 310 670 14 - 46 - 60 
750 4,150 60 290 260 520 350 780 16 . 54 .70 
2) ls eee SS ees 25, 900 115, 800 2,070 8, 100 9, 050 14, 480 10, 170 23, 530 4.66 16. 30 20. 96 
29, 200 130, 500 2, 340 9, 100 10, 220 16, 310 11, 440 26, 530 5.15 18. 40 23. 55 
Oklahontas=<2 = 2 8 6, 250 31, 700 500 2, 220 2,190 3, 960 2,720 6, 150 1. 26 4.27 5. 53 
7,060 35, 700 560 2, 500 2, 480 4,460 3, 060 6, 940 1. 42 4.82 6. 24 
ONO SOE == ac sewer os 5, 120 32, 600 410 22, 280 1, 790 4,080 2,690 5, 870 1.25 4.07 5. 32 
5,770 36, 600 460 2, 560 2,020 4, 580 3, 020 6, 600 1.40 4.58 5. 98 
Pennsylvania._......______ 33, 400 115, 000 2,670 8, 050 11, 700 14, 380 10, 720 26, 080 4.95 18.10 23.05 
37, 600 129, 800 2,990 9, 030 13, 180 16, 220 12, 020 29, 400 L6H) 20. 40 25. 95 
Rhode Island _____________ 3, 910 13, 300 310 930 1, 370 1, 660 1, 240 3, 030 ALY/ 2.10 2. 67 
4, 410 15, 000 350 1,050 1, 540 1, 880 1, 400 3, 420 . 65 2. 38 3.03 
South Carolina_..___.______ 5, 000 32, 000 400 2, 240 1,750 4, 000 2, 640 5, 750 1, 22 4.00 5. 22 
5, 650 36, 200 470 2,540 1, 980 4,520 3,010 6, 500 MSR) 4.50 5. 89 
South Dakota_...__________ 690 5, 240 60 370 340 660 430 900 . 20 - 62 . 82 
780 5, 900 70 410 270 740 480 1,010 322 .70 .92 
Tennessee______._________ 8, 500 46, 800 680 3, 280 2, 980 5, 850 3, 960 8, 830 1. 87 6.12 7.99 
9, 600 52, 800 770 3, 700 3, 360 6, 600 4,470 9, 960 2.07 6.92 8.99 
WBXASS 2 (5 eB 26, 600 172, 000 2, 130 12, 100 9, 300 21, 500 14, 230 30, 800 6. 58 21. 40 27.98 
29, 400 192, 500 2, 350 13, 500 10, 300 24, 060 15, 850 34, 360 7.34 23. 80 31.14 
U Tae ee os 2,740 15, 600 220 1,090 960 1, 950 1,310 2,910 61 2.02 2.63 
3, 090 17, 600 250 1, 230 1, 080 2, 200 1, 480 3, 280 - 69 2. 28 2,97 
MONMON te. a see 520 2,640 40 170 180 330 210 510 .10 ahs .45 
580 2, 880 50 200 200 380 250 580 ll - 40 Pol 
Virginia teen 5 eed 9, 660 59, 000 770 4,140 3, 380 7,380 4,910 10, 760 2, 28 7. 46 9.74 
10, 900 66, 800 870 4,670 3, 820 8, 350 5, 540 12,170 2. 56 8.45 11.01 
Washington...--_........-. 7, 600 47,700 600 3, 340 2, 660 5, 960 3, 940 8,620 1.82 5. 98 7. 80 
8, 600 52, 800 670 3, 700 3,020 6, 600 4, 370 9, 620 2.02 6. 66 8.68 
Mest Vitginidsssees ooo 1, 670 10, 900 130 760 580 1, 360 890 1,940 41 1.35 a6 
1, 890 12, 500 140 870 660 1,690 1,010 2, 350 - 46 1.63 1,09 
WISCONSIN Sone een ap acae 8, 500 32, 000 680 2, 240 2,980 4,000 2,920 6, 980 1.35 4.84 6.19 
9, 560 37, 000 760 2, 580 3, 320 4,620 3, 340 7,990 neo 5. 55 7.10 
WAC Soe oe 615 3, 920 49 270 216 490 320 710 15 .49 64 
695 4,420 56 310 244 550 380 790 18 00 .73 


! The upper number given in each column is the straightline extrapolation; the lower number is based on the crime rate extrapolation. 


arrests for crimes of a purely local nature (arson 
6,000; offenses against family, 61,000; driving while 
intoxicated, 242,000; drunkenness, 535,000; disor- 
derly conduct, 510,000; and vagrancy, 120,000) 
leaves 2,300,000 arrests, which should be a basis for 
interrogation. Extrapolating this to a population of 
194 million gives 3,300,000 arrests per year. This 
is 1.2 times as many arrests as offenses. 

The 1965 interrogation rate in California for these 
offenses was 70 per hour, or 604,800 per year. The 
number of offenses in California during this time was 
410,000 which represents 1.47 interrogations per of- 
fense. ‘This is a monthly rate of 0.125 times as many 
interrogations as offenses per year. 


Offenses (per year) X 0.125 = interrogations (per 
month) 


Since entries do not require a reply, it is estimated 
that each entry will use 20 seconds on the line, and 
each interrogation, with reply, will average 30 sec- 
onds on the line. Using the above methods and 
data from “Uniform Crime Reports,” the estimates 
for 1970 were calculated and are given in table H-1. 

_The figures for the United States are calculated 
directly from the 1965 figures, for the United States, 
and are not a sum total of the figures for the States, 


For this analysis only the 48 continental States plus the 


District of Columbia were considered. The relationship 
between the data of table H—-1 and the parameters given 
previously in the cost equations is as follows: 


(From table H-1) 


Column 3: Entries/month, auto=E,; 
Column 4: Entries/month, others=£,; 
Column 5: Interrogations/month, auto=J,; 
Column 6: Interrogations/month, others= J,; 


and 


Ej=Eyjt+ Eo; 

P= L gat L os 

Inquiry line time 7 ;,=30 seconds average 
Entry line time 7~=20 seconds average 


ESTIMATION OF REQUIRED STORAGE SIZE 


The storage size requirements are based in part on data 
contained in the Sixth Progress Report on the NCIC 
project by ITSA for the FBI and in part on other data 
made available by the FBI. 


STOLEN AUTO FILE 


In estimating the storage requirements for the stolen 
auto file, the major parameters required are the theft 
or entry rate, the recovery rate or decay time of the file, 
and the length of time unrecovered autos will be kept in 
the file. From the number of auto thefts given in the 
UCR 2? of 486,568 and an estimated annual growth of 
2.29 percent in the rate of auto thefts and 5.96 percent 
in population, the number of auto thefts will increase at 
a rate of 8.4 percent per year. 
recovery rate of stolen autos will remain at 90 percent. 
Present plans for NCIC call for maintaining records of 
stolen autos in the file for the calendar year of theft plus 
4 years. Table H-2 then gives the estimated number of 
stolen autos in the file at the end of each year through 
1970 assuming that NCIC was fully implemented in 1966. 

Table H-3 (based on data from the Los Angeles Police 
Department Statistical Digest) gives an assumed recovery 
rate as a function of time elapsed since theft as a fraction 
of the autos recovered (i.e., the 90 percent). It is as- 


Table H-2.—Unrecovered Autos in Inquiry File 


Number of un- 
recovered autos 
at end of year 


Number of 
auto thefts 


TOGGE. si cac otto ceeeee caste eee wns 527, 330 52, 733 
FOG Fok 5 patcersed hula Soe aaseh Anse one ae 571, 500 57, 150 
BO eek i ood bins pak aon Sane 619, 400 61, 940 
eS, PS RARER eee et 671, 290 67, 129 
1 fi ean ioe Ops eee ere eee i 727, 550 72, 755 

311, 707 


It is assumed that the. 
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Table H-3.—Unrecovered Autos as a Function of 
Time After Theft 


Time period of Percent Cumulative Storage 
recovery since | recovered per percent 1-P factor 
theft period recovered (P) 
Istidaye_..> | 50.0 50.0 50.0 0.5 
2didaVien— noo a 12.0 62.0 38.0 . 38 
3d day_. 7.0 69.0 31.0 aeiil 
4th day___-___- 55 74.5 2555 e255) 
StimaViesso=a-= 4.25 78.75 21.25 . 2125 
6thiday=— =. 3.0 81.75 18. 25 . 1825 
TCE eee 2.0 83.75 16. 25 . 1625 
8th to 3lst day 12.0 95.75 4.25 2.4 
32d to 181st dav. 4.25 100 0 3. 1875 
motales-- TOONO Im | yee ee oe eee oe Pe): ) 


sumed that all autos that will be recovered are recovered 
in 6 months. The storage factor in the table is based on 
the following: 


1. Assume a constant number of autos stolen per 
day. 

9. Consider only the 90 percent fraction of autos 
that will eventually be recovered. 

3. On any day, the stolen auto file will contain 
50 percent of the autos stolen the previous day, 38 
percent (1-0.5-0.12) of the autos stolen 2 days pre- 
viously, 31 percent (1-0.5-0.12-0.07) of the autos 
stolen 3 days previously, etc. 

4. Therefore, on any day, the number of autos in 
the file is the sum of these fractions of autos not yet 
recovered over the previous 6 months multiplied by 
an assumed constant daily auto theft rate. 

5. For the 8th to the 31st day and 32d to the 181st 
day period, a constant recovery rate is assumed. The 
storage factors for these two periods is given by: 


SFs_31= Ts-a1{ Ux+3(Us— U3) } 
SF32-131= Ts2-181{ 3(Ug2.— Uis1) } 


where: 

SF=the storage factor for the given period. 
T=number of days in the period. 
U=fraction of unrecovered autos on the given 


day. 
Then: 
SF,-31=24{ .0425+4(.1625—.0475) } 
=2.40 
SF 2_1s1:= 150{ 4(.0425 —0) } 
=o, Lone 


The total number of stolen autos in the national file 


will then be 


=| 31 1 1707 +.907.59x 27a" | 


365 
=311,707 + 12,662 =324,369 


2 Crime in the United States, Uniform Crime Reports for t 
eral Bureau of Investigation, 


he United States, Fed- 
Government Printing Office, Washington, D.C. 20402, 
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The present NCIC file format for stolen autos con- 
tains 125 characters or 


S3,=40.461 million characters 
required for the national stolen auto file. 
For the State files, considering the sum over all the 
States, for Case 1 only, 1 day’s records (2,000 stolen autos) 
are maintained or: 


Case 1: 


Pali! 
Se a ee uh f 
J 


365 125=—.25 million characters. 


For Case 2, assuming the 4-plus years of record reten- 
tion, the required storage will be the same as for the 
national file or: 


Case 2: 
Soa= >) Soqj=Ssa= 40.461 million characters. 
j 


Also maintained in the stolen auto file are records of 
stolen license plates which, however, do not show up in 
the UCR statistics. It is indicated in the ITSA study * 
that the number of stolen license plates is comparable to 
the number of stolen autos. In addition, some States 
keep the same license plates for 2 to 5 years. Therefore, 
the number of records will be bounded by (assuming 
equality with the number of stolen autos) : 


72,755+ 12,662<N <311,707+12,662 


Since several of the more populous States do keep the 
same license plates for several years, a value of 160,000 
records in the file was assumed. The file format for 
these records is 63 characters long; therefore, in the 
national file: 


S3rp=160,00063=10.08 million characters. 


For the State files: 


Case I: 
Sie=DSinr— x 63=.126 million characters. 
j 
Case 2: 


Sopp= > Sone; =S31p=10.08 million characters. 
j 


WANTED PERSONS FILE 


The storage requirements for the wanted persons file 
is based on the number of wanted person notices pres- 


ently maintained in the FBI’s fingerprint file extrapo- 
lated to 1970. At present, the number of notices is 
80,000, and at the growth rate of 8.4 percent per year, 
it would be approximately 120,000 in 1970. The 
NCIC format contains 340 characters per record; there- 
fore in the national file: 


S3wp=120,000 X 340=40.8 million characters 


It is estimated that the States would keep similar files on 
twice this number of persons or: 


Sow p= >)Sowp;—81.6 million characters 
j 


STOLEN PROPERTY FILE 


The storage requirements for the stolen identifiable 
property is based on the ITSA * report. Records will be 
kept in the file for the year of theft plus 2 years. It is 
estimated that 20 percent of the property is recovered in 
the year of theft and 10 percent in each of the succeeding 
years. The results are summarized in table H—-4 where 
the number of records at end of the year is given by: 


=147,500 X.8+-133,750X.7+121,250X.6 


The file format for these records contains 100 char- 
acters; therefore, the size of the national file is: 


S3sp= 28.44 million characters 


It is estimated that the State files will contain twice as 
many records or: 


Sosp= >) S2sp;=56.88 million characters 
J 


STOLEN GUN FILE 

The final file considered in this analysis is the stolen 
gun file. In the ITSA ° report, a rough estimate is made 
that this file, by the end of 1970, would contain approxi- 
mately 100,000 records. The file format for this record 
contains 78 characters or: 


3sg—=7.8 million characters 


Table H-4,—Unrecovered Property in Inquiry File 


Estimated Number of 
Year entries records at end 
of year 
NOG] S25 So cace and ee oe ee 110, 000 |___ 
1968 eC 5 TS Seah T Ae) 121,250 ec eee 
Soi eemanasdwi an aned wei Shoe tices meee h 257, 875 
1970 soe «bao aca ee Cae Lok a eee 147, 500 284, 375 


% Letter report from Donald R. Macken, Institute for Telecommunication Sciences 
& Aeronomy, to J. J. Daunt, FBI; Subject: Sixth Progress Report in a series on 
the National Crime Information Center Telecommunications Study, ITSA Project 


No. V52362420; Noy. 1, 1966. 
* Ibid. 
5 Ibid. 
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Table H-5.—Storage Requirements for the Inquiry Files 


National Total, all States (case 1) Total, all States (case 2) 
File Record size i 

(characters) Number of Number of Number of Number of Number of Number of 

records characters records characters records characters 

(millions) S3 (millions) S; (millions) Se 

Stolen auto A 7 
re thet ly eg alle at lai Ga ec 125 324, 369 40. 46 2, 000 0.25 324, 369 40. 46 
Dears nates Yer Mego n PaoT Ss Saag 63 160, 000 10. 08 2, 000 126 160, 000 10. 08 
Stolen ee Fe a an ae Se ee a 120, 000 40. 80 240, 000 81. 60 240, 000 81.60 
= CTU (ii, aia aa re ease BENE 78 700; 000 | me sik ie in OE ae Dee 
USL EE ete tsar Rey AM eee Ae ee eS) ence | LMNs Pi ToL) een Corn? eres 189. 02 
Additionally, in the analysis it is assumed that the States $5250/month 


do not maintain a duplicate file, so 
Si, 2s¢=0 


Table H-5 summarizes the storage requirements 
developed. 


COST FACTORS 


As mentioned previously, the analysis is based on three 
major cost factors, the cost of computation, the cost of 
computer storage, and the cost of communication. The 
most difficult to estimate is the cost of computation, espe- 
cially when it is considered that there may be as many as 
50 different systems implemented (the 48 continental 
States, the District of Columbia, and the national system) . 
Because of these difficulties, an incremental cost model 
with identical linear costs was assumed. An incremental 
cost model, however, is not the best model for a frag- 
mented system since it does not consider: 


O Variations in the ratio of fixed to variable costs 
due to different size facilities required in the dif- 
ferent States; 

O Variation in the cost per computation as function 
of speed of computation (the square law of com- 


puters indicates that Cost ~ ySpeed). 


The cost of computation, based on budgetary estimates 
for NCIC, considering a duplex 360/40 system, including 
cost of personnel, is assumed at $36,000 per month or 
$50/hr (720 hr month). As mentioned before, it is as- 
sumed that the time required to process one entry or one 
inquiry is one second. A factor of 4 is used to take into 
account queueing delays, other computer processing (pro- 
gram checkout, etc.), and idle time resulting from the 
variation of demand over the 24 hr day, giving an average 
processing rate of 900/hr. This gives a cost per entry or 
inquiry of: 


0.9 = 8.056 /entry or inquiry 
cost is based on the cost of a Disk 


The computer storage 
quoted in a General Services 


Pack memory (IBM 2314) 


Administration price list. 


464-220 O- 72 - 14 


C; 


:—a07 aulonchar’ ~$25/month/million characters 


The communications cost estimate is based on the Gen- 
eral Services Administration communication cost used 
in purchasing A.T. & T. Telpak services for Government 
agencies. These are based primarily on Telpak C and 
Telpak D tariff structures. The GSA charges are on a 
mileage basis plus a monthly terminal charge. The 
charges used in this analysis are $262.50 per month for 
terminal and line conditioning plus 45¢ per mile per 
month. This is based on a single 4 kHz voice grade 
line which can be subdivided into six 100 word per min- 
ute duplex teletype circuits. On a per duplex circuit 
basis: 

C,=$43.75/month 
C,=$.0825/mile/month 


This includes a 10 percent wasted capacity cost because 


of inefficiencies in grouping the narrow band lines from 
the single terminal location at each State capitol. 


COST SUMMARIES 


The following summarizes the various cost elements 
developed previously: 


C, = CzEit4)) 

=$0.056 (355,912-+ 685,746) =$58 332.85 
Cn= C3815 

=$25 (138.86) =$3,471.50 
Cn=Cr2 So 

=$25 (189.02) =$4,725.50 
Cu=C Zi Bost ab ast ls) 

=$0.056 (240,160+ 57,876 + 685,764) =$55,092.80 
= OD (Boyt bhast host 05 L4;) 

—$0.056 (240,160+ 57,876 +-431,000 

+.05 (254,764) ) =$41,539.36 


196 


C, =¢,8; 
—$25 X (127.58) =$3,189.50 
Cs = Cedi Bost ahs) 
=$0.056 (240,160-+57,876) =$16,690.02 
Cs = Cel SBI) + Bi Tort 05 ax) 
—(Zos+.05 La3)) } 
—$0.056{ (355,912+-685,746) 
+48(431,000+.05 (254,764) } 


=$1,251,101.13 

The cost of communication is the only cost which is a 
function of the choice of location(s) of the national file. 
Because of the particular form of the equations and the 
need to minimize the sum, these costs had to be computed 


by means of a computer program. The results are sum- 
marized below: 


C, =mind1(C,+ Od) Li; 
vi 
4} 


= $7,909.60 (Location: Springfield, Ill.) 
Cs =min> | (C.+ Cidj) Lo; 
4 


= $6,909.14 (Location: Springfield, IIL.) 


C, =min [3 (C.+-Cidx) Lyx} 


+ (5 (C+ Crd) Lin} + (Crt Cd) Ls] 


=$7,071.38 (Locations: Harrisburg, Pa.-Denver, 
Colo.) 


Cio=min [ (O,+- Cid x) Lox} 
sis (24 (Cie C,d,) La} +(C:+ Cidu)Is} | 


$6,257.12 (Locations: Harrisburg, Pa.-Denver, 
Colo.) 


OF ——ierulin oy, (+ C,d;) Lu; 
J 


=$112,420 (Location of switching center: Spring- 
field, Ill.) 


These costs are summarized for various locations in 
tables H-6, H—7, and H-8. The total systems costs for 
the various alternatives are summarized in table H-9. 

The lowest national and total system cost occurred for 
a centralized system located at Springfield, Ill. (Case 2). 
However, there would be an increase of only $840 per 
month if the location were moved to Washington, D.C. 
Since other costs such as facilities, staffing, and adminis- 
trative control would far outweigh this, these computa- 
tions would indicate that any other city, including Wash- 
ington, D.C., would be as good a choice for the location of 
the national system. These computations do show that, 
within the assumptions, it would be best if the States 
maintained their own stolen auto file. This does not 
mean necessarily that the national system could not pro- 


Table H-6.—Communication Costs for Centralized Inquiry Systems 


Total number Communica- Total number Communica- 
Centralized system of line miles tions costs Centralized system of line miles tions costs 
é (Cs) 
aS BUNA CON) esta ere eee Case 2 (Z2=63) 
SiatieyiCl Gk Me = eae = Bee ee SE See ee 57, 692.1 $7, 909. 60 Springfield, IIl_______ 50, 338. 1 6, 909. 14 
Lill ever { HOLS, ial See! ees SOY ee ESOS ES 58, 235. 4 7,954. 42 Indianapolis, Ind__ 50, 670.7 6, 936. 58 
VaffersomOrtyeMOn 2200 <0. 5228 ee 2 Se 59, 222.4 8,035.85 Jefferson City, Mo_____- 51, 639.9 7,016. 54 
Madicons Wisk. eo eee elas Te 60, 232.9 8, 119.21 MAUI SON WSs ce err eee ee eee 52, 499. 2 7, 087. 43 
WaSHInRtONsUiGe see nae one eer ce ae 69, 471.6 8, 881. 41 Washington; DICseemes. £ ees es ies eee 60, 512. 1 7, 748. 50 
Table H-7.—Communication Costs for Two Locations for Centralized Inquiry Systems 
: ; pelics Number of Number of Interconnectin 
Two-Location centralized system Total number of line miles Conan cars interconnecting | interconnecting | communicationg Cae 
lines line miles cost cost 
(23) 

Le IB  @ 27 0) (9) at Ee Sen a (Sm (Cy) 
Harrisburg, Pa.-Denver, Colo...___-__.________. 37, 476.5 $6, 241. 81 5 7, 403. 82 $829. 57 $7, 071. 38 
Columbus, Ohio-Sacramento, Calif___.__________ 34, 101.8 5, 963. 40 6 12, 258. 1 1, 273.79 7, 237.19 
Indianapolis, Ind.-Denver , Colo. ____._____.___ 39, 693, 3 6, 424. 69 6 5, 988. 32 756.54 7, 181.23 
MRSHI ata D.C. Sacranieuto OR, 22772. 37, 300. 0 6, 227.27 6 14,217.7 1, 436. 46 7, 662. 73 
Washington, D.C.-Denver Colo. ....--..-.----..- 37, 869. 5 6, 274. 23 5 7, 442. 87 832.79 7,107.02 

Case 2 (L963) ——- ann nnn nn nnn ns ane oe | ene ee [panne eee ne eeen | enemneneaenceee-|ounn-no- nee. Kcr 
Harrisburg, Pa.-Denver, Colo..._._.______.____- 32, 379. 4 5, 427.55 5 7,403.82 A ‘ es 
Columbus, Ohio-Sacramento, Calif__._.__._.__-- 30, 320.6 5, 257. 70 6 12, 258. 1 1,273. 79 6,531.49 
Indianapolis, Ind.-Denver, Colo..____ - 34, 272.8 5, 583.75 6 5, 988. 32 756. 54 6, 340. 29 
Washington, D.C.-Sacramento, Calif___._.______- 33, 080. 0 5, 485. 35 6 14, 217.7 1, 435, 46 6.920. 81 
Washington, D.C.-Denver, Colo...______________| 32, 550. 0 5, 441. 62 5 7, 442. 87 832.79 6.274. 4] 


Table H-8.—Communications Costs for 
Decentralized Inquiry Systems 


Location of switching cent = Total number Communica- 
gcenter (L4=1073) of line miles tions cost (C11) 

SPHINGHGlG ML ene ee 

LULA is 4 7 a Enos a yar" 369 T0729 

Jeffarson City, Mo.._._............-....---.... 814, 565 114) 145 

Madison WiSss nase crsee se nee eee ee 833, 294 115, 690 

Wastington DiGeea = se ee 961, 598 126,275 


vide this service for some interim period or, in the case of 
smaller States, for an indefinite period. 

For the two-location system, the major difference in 
cost was the cost attributed to each of the two information 
centers updating each other. If this cost were re- 
moved by assuming that such updating was accomplished 
during times of low demand (in effect reducing the size 
of the computer required for meeting the peak demand), 
the centralized system is slightly less expensive, since the 
savings in communications by having two or more centers 
would be more than offset by the increase in storage costs. 
The additional administrative costs of the two locations, 
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which have not been taken into account, would far out- 
weigh any difference calculated here. From the point of 
view of system reliability, although two locations might 
have some small advantages, a single location can be made 
more than sufficiently reliable for this application. 

The decentralized system suffers from the major prob- 
lem that all States must process the inquiries of all other 
States and the resulting communications and administra- 
tive costs are high. Admittedly, this is an extreme case, 
but it illustrates the problem of trying to provide a na- 
tional capability without a centralized national system. 
On the other hand, if the States were interested in main- 
taining only information of concern to themselves without 
any national exchange, the costs would be essentially that 
given as the State costs for a Case 2 situation, i.e., about 
$63,000 per month. 

This cost model is admittedly crude and does not take 
into account such items as the ratio of fixed to variable 
costs, the relatively high cost per operation for smal] com- 
puters, and data conversion costs. It is indicative, how- 
ever, of the magnitude of the costs and the relative costs 
of the several system alternatives investigated. 


Table H-9.—Total Costs for Inquiry Systems 


National costs per month All States, costs per month Total 
Communica- Computer Computer Computer Computer National and 
tion system operating storage Total operating storage! | Total States, costs 
per month 

Centralized system (location,? Springfield, IlI.): 

Case 1 $7, 909. 60 $55, 092. 80 $3, 189. 50 $66, 191. 90 $58, 333. 86 $3, 471. 50 $61, 805. 36 $127, 997.26 
pe ease’ 6, 909. 14 41, 539. 36 3, 189. 50 51, 638. 00 58, 333. 86 4,725.50 63, 059. 36 114, 697. 36 

entralize: 

Case 1 8, 881. 41 55, 092. 80 3, 189. 50 67, 163.71 58, 333. 86 3, 471.50 61, 805. 36 128, 969. 07 

(Dee pear 2! LI ce nes Sere ee ee = 7, 748. 50 41, 539. 36 3, 189. 50 52, 477. 36 58, 333. 86 4,725.50 63, 059. 36 115, 536.72 
Two location system (locations,? Harrisburg, Pa. 

and Denver, Colo.): 

Case 1 7, 071. 38 71, 782. 82 6, 379. 00 85, 233. 20 58, 333. 86 3,471.50 61, 805. 36 147, 038. 56 

Case 6, 257. 12 58, 229. 38 6, 379. 00 70, 865. 50 58, 333. 86 4, 725. 50 63, 059. 36 133, 924. 86 
Two location system (locations, Denver, Colo. and 

Washington, D.C.): 
Case 1 7, 107. 02 71, 782. 82 6, 379. 00 85, 268. 84 58, 333. 86 3, 471.50 61, 805. 36 147,074. 20 
ase 2 6, 274.41 58, 229. 38 6, 379. 00 70, 882.79 58, 333. 86 4,725. 50 63, 059. 36 133, 942.15 

Decentralized syste! 

Case 2 “ 126527600) | 222 eeee2-2-— |e =--==—-——- 126, 276.00 | 1,251, 101.13 4,725.50 || 1,255, 826. 63 1, 382, 102.63 


1 Includes estimates of stolen property and wanted persons files not maintained on 


national level. : 
2 Minimum cost locations. 


and wanted persons. 
Case 1: States do not maintain stolen auto file beyond 24 hours. 
Case 2: States do maintain stolen auto file beyond 24 hours. 


Notes: Estimates are for 1970. 
Functions included are stolen auto and license plates, stolen identifiable property, guns, 
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DATA ANALYSES AND SIMULATION OF COURT SYSTEM IN THE DISTRICT 
OF COLUMBIA FOR THE PROCESSING OF FELONY DEFENDANTS 


by Joseph A. Navarro and Jean G. Taylor 


Contents 


IMtroduction eases c ce ee ee an fel ie ela to wis 
The D.C. Court System for Processing Felonies. . 


199 
199 


Elapsed Time for Processing of Felony Defendants in the District of Columbia Court System. 201 
Simulation of the Processing of Felony Cases in the D.C. Court System..........-.-++-- 207 


In chapter 4, the Task Force study of the processing 
of felony defendants in the District Court for the Dis- 
trict of Columbia is summarized. This appendix pro- 
vides more detailed description of the court statistics and 
the simulation model. To provide continuity in the 
appendix, certain parts of the summary in chapter 4 
have been repeated here. 


INTRODUCTION 


For years judges, lawyers, and court administrators 
have been grappling with the problem of delay. Many 
solutions have been tried but found wanting. Some have 
been rejected out of hand; others, obvious to a manage- 
ment expert, either have not been thought of or have 
been deemed too disrupting for the anticipated improve- 
ment. A test of any proposed solution might require 
considerable disruption of court operations and a vast 
expenditure of time and energy which might prove worth- 
less. Courts could be helped appreciably if means were 
developed for accurately analyzing the causes of delay 
and then pretesting alternative approaches to reducing 
delay. 

The Task Force has explored the feasibility of computer 
simulation of court operations to meet this need. Briefly, 
a simulation model is a representation of the system and 
its operations which can be used to examine the effect 
of changes in the system.’ In the courts, simulation 
could provide a means for examining methods for expe- 
diting the processing of defendants through the system. 
Further, simulated pretesting provides a first estimate of 
the effects of proposed changes on resources, workloads, 
and delays. This process allows the administrator to 
test alternative allocations of resources and find the com- 
bination which balances delay reduction against expended 
resources. 

The simulation developed here required, as all simu- 


1 Simulation has been used successfully by the military and industry for planning 
and for evaluating various courses of action. é : 

2 Because of the many differences among the court systems in the United States, 
the task force examined only 1 court in detail, the U.S. District Court of the Dis- 
trict of Columbia. The methodology, however, is applicable to any jurisdiction 


lations do, first, a description of the system being simu- 
lated; and, second, collection and analysis of data de- 
scribing court operations. Only then could the model 
be constructed and manipulated. Thus the work was 
conducted in three parts: 


1. The organization and structure of the trial court 
system for the District of Columbia ° and _ its 
procedures for processing felony defendants were 
described. 

9. The available data on felony defendants in the 
District Court were analyzed to determine the dis- 
tribution of total time to disposition, time intervals 
between major events in the system, potential areas 
of delays, and possible causes. 

3. A simulation model of the processing of felony de- 
fendants in the District of Columbia trial court 
system was developed which: 


a. Operated like that observed in the data (i.e, to 
produce the average time intervals between steps 
in the process similar to those observed in the 
data). 

b. Could be manipulated to investigate possible or- 
ganizational or procedural changes in the system 
and to measure their impact on reducing delay 
and on the available resources in the system. 


In this analysis neither the substantive law nor the use 
of improved business practices were addressed. 


THE D.C. COURT SYSTEM FOR PROCESSING 
FELONIES 


The U.S. District Court for the District of Columbia 
(referred to hereafter as the District Court) is unique 
in the Federal system because it has jurisdiction over 
all felonies committed in the District of Columbia. It 


which can collect adequate data about its present operations. 

Hereafter, the term “District Court’ is used for convenience; it should be 
understood that this refers only to the U.S. District Court for the District of Co- 
lumbia and not the other Federal district courts. 
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FIGURE I-1. 


COURT OF GENERAL SESSIONS 


PRESENT- PRELIMINARY 


ARREST 


No papered by Assistant U.S. Attorney. 


Felony charge reduced to 
misdemeanor. 


MEANS OF EXIT 
FROM SYSTEM 


ASSISTANT U.S. U.S. BRANCH (1 COMMISSIONER)" 
ATTORNEYS (7-10) (1 JUDGE) 


STEPS IN PROCESSING OF FELONY DEFENDANTS 


U.S. COMMISSIONER 


PRELIMINARY 
HEARING 


PRESENT- 
MENT 


Referred as misdemeanor to 
Court of General Sessions. 


Removed. 


No probable cause. 


Dismissed by Assistant U.S. Attorney, 


4 
One Assistant U.S. Attorney, Grand Jury Division, spends 2-4 hours on Tuesdays and Thursdays at 
U.S. Commissioner's office for preliminary hearings and disposition of cases. 


is not confined, like other Federal courts, to Federal 
crimes such as tax evasion and fraud. It also processes 
felonies which would ordinarily be handled in a State 
court. Further, because the court is operating in a Fed- 
eral jurisdiction, the procedure followed in all criminal 
cases is that of the Federal Rules of Criminal Procedure 
and the interpretation of these rules by the court. Sim- 
ilarly, Federal legislation such as the Bail Reform Act 4 
and the Criminal Justice Act ° apply to all cases. 

The first step in the development of a simulation is a 
description of the court system. This must be described 
in terms of the flow of defendants and the flow of infor- 
mation through the system, and the assignment of the 
court resources (judges, courtrooms, attorneys, etc.) to 
the various events associated with the processing of the 
defendants. 

The various steps and the associated resources for proc- 
essing felony defendants in the District of Columbia 
court system ° are shown in simplified form in figure I-1. 
The first step is presentment,’ which occurs before a 
judge of the Court of General Sessions (the municipal 
court of the District of Columbia) ,° or the U.S. Com- 


missioner. Both are available for presentment and pre- 
liminary hearing in felony cases. Presentment is often 
preceded by a review or screening of the case by an As- 
sistant U.S. Attorney (Court of General Sessions Di- 
vision). He determines whether to reduce the felony 
charge to a misdemeanor, to terminate the case (“no pa- 
pering”’), or to proceed with prosecution. 

In 1965, the U.S. Branch ® of the Court of General 
Sessions handled approximately 12,000 defendants. 
About 5,200 of these were arrested on a felony charge. 
In addition, the U.S. Commissioner received about 1,100 
felony defendants. From among these 6,300 persons ar- 
rested for a felony charge, about 2,000 were held for action 
by the grand jury (i.e., the defendant had either waived 
preliminary hearing or the preliminary hearing had led 
to a finding of probable cause to hold the accused for 
grand jury action) .'° 

A case is next processed in the office of the U.S. At- 
torney (Grand Jury Unit). It is screened again and 
calendared for presentation to the grand jury.’ The 
grand jury votes an indictment if there is concurrence 


® For example, Mallory v. United States, 354 U.S. 449 (1957). 

' Bail Reform Act of 1966, P.L. 89-465, 18 U.S.C. 3146-3152. 

® Criminal Justice Act of 1964, 78 Stat. 522, 18 U.S.C.A. 3006A. 

“Only that part of the District of Columbia court system pertaining to the 
processing of felony cases is ineluded; those parts that deal exclusively with mis- 
demeanors are not examined. 

7 This is the first judicial appearance and has been variously called presentment, 
initial presentment, initial appearance, or preliminary arraignment. Under Rule Dy 
Federal Rules of Criminal Procedure, this appearance must be ‘without unneces- 
sary delay’’, interpreted to mean much less than 24 hours (Mallory v. United States, 
354 U.S. 449 (1957)). 

3 The structure and operation of the U.S. Branch of the Court of General Ses- 
sions have been described in detail by: Harry I. Subin, “Criminal Justice in a 
Metropolitan Court: The Processing of Serious Criminal Cases in the District of 
Columbia Court of General Sessions,’* Office of Criminal Justice. U.S. Department 


of Justice, Washington, D.C., October 1966. 

“Other branches of the Court of General Sessions process violations of munici- 
pal ordinances and other petty offenses prosecuted by the Corporation Counsel for 
the District of Columbia. 

19 Figures are based on data from fiscal 
the current situation. 

“An offense which may be punished by death shall be prosecuted by indict- 
ment. An offense which may be punished by imprisonment for a term exceeding 
1 year or at hard labor shall be prosecuted by indictment, or if indictment is 
waived, it may be prosecuted by information. Any other offense may be prosecuted 
by indictment or by information. An information may be filed without. leave of 
court.” (Fed. Rules of Crim. Proc., Rule 7(a).) Available District of Columbia 
data indicates that only 5-10 percent of the felony defendants waive grand jury 
indictment. 


year 1965, and so do not reflect precisely 


GRAND JURY 


ASSISTANT U.S. 
ATTORNEYS (3) 


(1 GRAND JURY) 


SCREEN & 
PREPARE 


GRAND JURY 
CONSIDERS 


PREPARE & 
REVIEW 
INDICTMENT 


Certified as misdemeanors to 
Court of General Sessions. 


Ignoramus. 


Dismissed by Assistant U.S, Attorney. 


The number of judges assigned to Criminal Court increased to 7 in 1966. 


of 12 or more of the jurors.’ Thereafter, the indict- 
ment is signed by the foreman and by the U.S. At- 
torney and returned (generally on Monday) in open 
court. 

Arraignment is the next step. It is in general a per- 
functory proceeding in which the accused appears,’ is 
advised of the formal charge and enters a plea—usually 
not guilty. At about this time the case is assigned to an 
Assistant U.S. Attorney who will probably handle it 
until final disposition, and a defense counsel is appointed 
by the court for a defendant who cannot afford counsel. 

Following arraignment, trial preparation proceeds, 
motions are filed and heard, the case is placed on a calen- 
dar ‘‘ and finally progresses to trial. Of the defendants 
disposed of in 1965, only about 30 percent completed the 
final step of trial; approximately 55 percent pleaded 
guilty to the offense charged or to a lesser offense prior 
to or during the trial. The remaining 15 percent of the 
defendants were dismissed. 


12 The indictment is prepared by a clerk in the U.S. Attorney’s office, proof- 
read by each of the three Assistant U.S. Attorneys, and reviewed by both the Chief 
Assistant of the Grand Jury Unit and the Chief Assistant of the Criminal Trial 
Division. ; 

13 Defendants in the District of Columbia are not usually notified by the court of 
their indictment. If the defendant is in jail, the jailor is notified to produce the 
defendant on the day of arraignment. If the defendant is on money bond, his 
bondsman is notified to produce the defendant. Otherwise, the defendant must 
read it in the newspaper and appear. If he does not appear, a bench warrant is 
issued for his arrest. . 

1t Calendar systems vary with jurisdiction. The system presently used in the 
District Court places all cases on a master calendar as soon as the indictment is 
returned; when motions are completed or the time to file motions has expired, the 
case is placed on the reserve calendar; and, finally, when all impediments are re- 
moved (e.g., defendant’s mental exam completed, all witnesses are available, lab 


ASSISTANT U.S. 
ATTORNEYS (13) 


INDICTMENT 
RETURNED 


201, 


U.S. DISTRICT COURT 


CRIMINAL COURT 
(4-5 JUDGES)= 


men ARRAIGN- 
MENT 


MOTIONS SENTENCING 


Dismissed. 
Acquitted. 


Transferred, 


ELAPSED TIME FOR PROCESSING OF FELONY 
DEFENDANTS IN THE DISTRICT OF COLUMBIA 
COURT SYSTEM 


Data collected for the D.C. Crime Commission were 
analyzed to estimate the elapsed time in processing de- 
fendants through the District Court.” While these data 
were probably the most comprehensive ever collected in 
a criminal court system they still had some limitations. 

First, the data were collected from the criminal jackets 
(or records) of the felony cases which were commenced 
in the District Court in calendar years 1950, 1955, 1960, 
and 1965.1° Felony cases which, one way or another, 
were reduced to misdemeanors and prosecuted in the 
Court of General Sessions are thus excluded. 

Second, the data measure the days, weeks or months 
between various stages of the criminal process. The de- 
tailed data on the hours and minutes required to perform 
each step of the process were not available. 


analyses completed), the case is placed on the ready calendar. Cases may then 
be scheduled for trial according to various priorities. Cases where defendants are 
in jail are scheduled ahead of those on bail; these, in turn, are scheduled in order 
of date of indictment providing there is no conflict of prosecuting attorneys. 
This system was implemented in late 1966. 

15 These data are more fully analyzed in a report ‘‘Court Operations: Data 
Analyses and Simulation of the Processing of Felony Defendants in the Trial Court 
System of the District of Columbia’ in preparation. The report will be available 
from the Clearinghouse of Federal Scientific and Technical Information of the 
National Bureau of Standards. 

161965 data is partially incomplete because all cases commenced in 1965 were 
not complete by the time of the data collection in May 1966. Average times for 
1965 are therefore somewhat understated because some of the very long times are 
not in the sample. 
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DAYS BETWEEN ARREST AND ARRAIGNMENT STEPS IN PROCESSING OF FELONY DEFENDANTS - 1965 


N= 65 
X =1 
Nes a INFORMATION 50% = 0 
X = 13 80% = 0 
50% =0 100% = 38 
80% = 28 
100% = 42 


N= 279 = 506 = 1060 
X = 8 DAYS =10 
80% = 1 DAY = 11 
100% = 218 DAYS = 369 
50% = 
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= Maximum number of days recommended by the Administration of Justice Task Force. 
N_ = Number of defendants with both dates of steps recorded in criminal file jackets. N= 90 
a X= 
X = Number of days (arithmetic mean) between steps for the N defendants. GRAND JURY 50% 
50% = 50th percentile or median. The time for 50% of the N defendants exceeded or INDICTMENT 80% = 19 
fell below the median. 100% = 143 


80% = 80th percentile 
fell below the median. 


100% = The maximum time observed of the N defendants. 


The time for 20% of the N defendants exceeded or 80% 


Finally, it should be noted that the District Court 
handles a very small proportion of criminal cases. In 
the District of Columbia there were approximately 
150,000 nontraffic adult arrests in fiscal year 1965, but 
only about 6,300 adult persons were arrested on felony 
charges. Only 1,603 of those came before the District 
Court; the other 4,700 either had their cases reduced to 
a misdemeanor charge, no papered, or otherwise 
dropped.** 

The median time for trial court disposition of cases 
commenced in 1965 was 5.5 months. For nontrial dis- 
position, the median was 4.5 months.’* The observed 
times between the various stages of the process are shown 
on figure I-2. The median intervals are summarized in 
table I-1. 

The observed time between processing stages can be 
compared to the model timetable '’ proposed by the Ad- 


1 The data analyses that follow are based on 1,559 of the 1,603 defendants. 
Fifty-three defendants were not included due to errors in transposing the data 
from the criminal jacket to the data base. 

1% The data for 1950, 1955, and 1960 were analyzed in the same way as the 
1965 data but not presented here because the court structure and operation 


ministration of Justice Task Force. That Task Force con- 
cluded that the processing of criminal cases takes too long 
and recommended a model timetable (table I-2) with a 
maximum of 4 months from arrest to trial court disposi- 
tion. Figure I-2 shows that the observed times in the 
collected data are appreciably longer than those in the 
recommended timetable. 

In order to compare the processing times in the collected 
data with the mode] timetable and find causes of delay, 
a more detailed analysis of the data is needed. For ex- 
ample, do time intervals at each step in the process vary 
substantially when different statistical measures of time 
(e.g., mean, median, or 80th percentile) are used? Are 
there substantial variations in processing times for persons 
indicted as distinguished from persons against whom in- 
formations were filed? Do these vary depending on 
whether the case is presented in the Court of General Ses- 


during those periods are known in less detail and hence the data interpretation is 
less meaningful. These data are available from the Institute for 
Analyses. 


ly The model timetable for felony cases is discussed on pp. 154-155 of the Com- 
mission’s report, 
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sions as distinguished from presentment to the US. 
Commissioner? 

The numerical value of the time interval between stages 
was found to depend significantly on whether mean or 
median time statistics were used. The mean exceeded the 
median at every step of the process between arrest and 
trial or nontrial disposition (fig. I-2). This difference 
indicates that the distributions of times are skewed posi- 
tively, that is, there are some very high values, i.e., while 
most cases are dealt with in a relatively narrow range of 
time, a few cases take very much longer time to process. 
Furthermore, when the median values are compared with 
the model timetable, it is found that about 50 percent of 
the defendants are being processed in accordance with the 
model timetable at all prearraignment stages of the proc- 
ess except for the stage between preliminary hearing (or 
presentment if preliminary hearing 1s waived) and indict- 


ment.2® However, if one looks at the amount of time 
required to process the 80th percentile defendant, all steps 
of the process are 2 to 4 times longer than the maximum 
of the model timetable.*" 

The time interval between arrest and indictment was 
found to depend strongly on where presentment occurred. 
The processing time for cases presented to the U.S. Com- 
missioner was usually longer than processing time for cases 
initiated in the Court of General Sessions (table I-3). If 
there is no preliminary hearing, the median time between 
presentment in the Court of General Sessions and indict- 
ment is 39 days, and 58 days when the U.S. Commissioner 
handles the case. If there is a preliminary hearing, time 
between the hearing and indictment among cases initiated 
in either the Court of General Sessions or the U.S. Com- 
missioner is 34 days; however, the median interval be- 


20 The greatest proportion of prearraignment time is spent awaiting return of 
indictment. The 40 days which elapse between presentment and indictment are 
substantially in excess of the recommended maximum time of 3-7 days. 

21 Because some of the times between arrest and arraignment seemed unduly 
long, they were checked against the 1966 situation and no significant difference was 
found. In fact, with the promulgation of local criminal rule 87 some times have 


actually increased. Specifically, in 1966, 2 weeks elapse between the time when 


a defendant is held for action by the grand jury and the time when 
his case is presented to the grand jury; another 2 weeks usually elapse before 
the indictment is returned in open court although on occasions it only requires 6 


days; thereafter the rule allows 8-12 days between indictment and arraignment 
rather than the 4 days observed in 1965 data. 
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Table I-1—Median Elapsed Times Between Stages 
in the District of Columbia Courts for Defendants 
ee Cases were Filed in the District Court in 
| 


Time 

Step in process Number interval, 

defendants ! median 

(in days) 
Arrestitolprasentment: <2). 5 ee 279 =<)! 
Presentment to preliminary hearing -.____...._...._______ 506 l 
Preliminary hearing to indictment_________ ee RE BE os 508 33 
Presentment to indictment (preliminary hearing waived)____ 500 42 
Indictment to arraignment _..._._._.______- 1, 060 4 
Arraignment to conviction (jury trial) ____ 91 92 
Arraignment to conviction (court trial). ____ ; 23 106 
Atraignment to puilty) plea... .....-. 22.) __ fe. 622 64 
Arraignment to dismissal_ ee ee 256 78 
Arraignment to acquittal (jury trial).........__. 67 120 
Arraignment to acquittal (court trial)____ _- a, a 14 106 
Gonvictionitoa;sentencinges 2 ee 724 38 


1 The number of defendants upon which the observed medians are based is less than the 
total of 1,603 defendants whose cases were commenced in the District Court; the data were 
incomplete or inaccurate in many cases, and not all defendants were processed through the 
same stages of the system. 


Table |-2—Model Timetable 


Maximum time 
interval (days) 
Step in process 


Jail cases | Bail cases 


Atrestito presentment22 2 =o Pe oe oe aoe ee = Se <i 
Presentment to preliminary hearing........._....._..-________- 3 
Preliminary hearing to formal charge!____.._-_.-__.___._-___. 3 
Presentment to formal charge (if preliminary hearing is waived) __ 3 
Fornmalichargertoranaignments. ss. Sen22e2- 5 ooo ee eo oe 1 
Arraignment to trial......____. b eS RS? ENR BR TE ies RET RA 63 
SEN @ GEN CG See oe ee ee a ee ae 


1 Formal charge can be by either indictment of information. 


tween presentment and preliminary hearing is 9 days 
longer for cases before the Commissioner. 

Possible causes of the differences emerge from an exami- 
nation of the practices of the Court of General Sessions 
and the U.S. Commissioner. The data in table I-3 indi- 
cate that the Court of General Sessions processed more 
defendants than the Commissioner, but there was a sub- 
stantial difference in the types of crimes. Eighty percent 
of the defendants processed at the Court of General Ses- 
sions were charged with either robbery, assault, burglary, 


larceny, auto theft, or rape. On the other hand, 70 per- 
cent of the defendants who were processed by the U.S. 
Commissioner were charged with murder, narcotics, 
gambling, robbery, or forgery. In addition, 1t was 
observed that the U.S. Commissioner holds hearings on 
Tuesday and Thursday mornings and generally schedules 
preliminary hearings for 2 weeks after initial present- 
ment. In contrast the Court of General Sessions does not 
continue preliminary hearings for 2 weeks and, in fact, 
holds half of the preliminary hearings on the day of initial 
presentment. ' 

Detailed data analysis can be used to rule out possible 
causes of delay. For example, a preliminary hearing 
does not materially increase the amount of time between 
arrest and indictment. On the other hand, this time can 
be sensitive to the type of crime. An example of such a 
comparison is plotted on figure I-3. Aside from gam- 
bling, which took by far the longest, most types of crimes 
had comparable time distributions. This phenomenon 
may be explained by a local practice in which the demand 
for a preliminary hearing is really a device for obtaining 
a continuance in the early stages of the process. Thus 
every defendant demands a preliminary hearing, but 
many ultimately waive it when the scheduled day arrives. 

The data suggested that motion practice contributes to 
delay. In 1965 approximately half of the defendants 
filed one or more motions prior to disposition. Table 
I_4 shows that in those cases where no motions were filed, 
the median time from arraignment to nontrial disposition 
(guilty plea or dismissal) was 7 weeks; to trial disposition, 
it was 11 weeks. Where two or more motions were filed, 
these median times were doubled. A median of 40 days 
elapsed between arraignment and the filing of the first 
motion, and 30 days between the filing of the first and 
second motions. This clearly establishes the need for 
enforcement of the new 10-day motion rule.?? 

The distribution of time between various stages and 
formal disposition is shown in figure I-4. The median time 
from arraignment to nontrial disposition (by guilty pleas 
and dismissals) is between 2 and 3 months. The median 
time from arraignment to trial disposition (either jury 
or nonjury) is 3 to 4 months. When the time in the 
system prior to arraignment is added, the median time 
for nontrial disposition is 4.5 months and for trial dis- 


Table |-3.—Comparison of Time Intervals (in days) for Preliminary Processing of Felony Defendants whose 
Cases were Filed in the District Court in 1965 


U.S. Branch, Court of General Sessions U.S. Commissioner 
Time interval Percentiles Percentiles 
No. of Mean, |) sa os eat No. of Mean 
defendants defendants or aes | a wae ae 

50 80 100 50 80 100 
PEesariti@rtt-to) PRANTL y NGAGE toa oe ea ones oboe d oe en os 255- 6 0 8 186 193 18 9 4 | 50 
Preliminary hearing to return of indictment !_._.._....__..__._....-.--.-._.- 252 39 34 53 105 187 41 34 N 53 ie 178 
Presentment to return of indictment (preliminary hearing waived)... _______- 327 47 39 65 240 118 83 “58 146 271 
Presentment to information (preliminary hearing waived)... 3 (not meaningful statistics) 2 3 (not meaningful stetistics) 3 


1 [In general these are the same defendants considered in previous row. 
2 The three times were 8, 23, and 38 days. 


3 The three times were 38, 53, 63 days. 


22 An amended Rule 87 of the Criminal Rules of the District Court for the 
District of Columbia became effective October 1966. This rule requires that all 
motions be filed within 10 days after arraignment and be heard the second Friday 


an the filing date. Exceptions to the rule are considered by the Chief 
udge. 
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position is 5.5 months. For the convicted, an additional 
median time of 38 days elapse between conviction and 
sentencing. The time between arraignment and dispo- 
sition varies with the type of felony. Gambling, murder, 
and assault take the longest; burglary, auto theft, and 
robbery take the shortest time. The time also varies with 


Table I-4——Time (in weeks) between Arraignment 


Were Filed in the District Court in 1965 


the types and number of motions filed °° and the tactics 
of counsel; but the effects of the latter are not easily 
measured except when they request continuances or file 
motions. 

The median processing times from presentment to dis- 
position as shown in figure I-4 exceed the maximum of 


and Disposition for Felony Defendants Whose Cases 


Time between arraignment and nontrial disposition Time between arraignment and trial disposition 
Defendants who filed Percentiles | Percentiles 
No. of Mean 5 4 aaa or _| _ No. of Mean es ee eee 
defendants | defendants | 
| 50 80 100 50 | 80 100 
= ae Ses ee a caer =——s = | | ces 
~—— — —_—— | | 
; 481 | 9 7 14 | 48 1108 | 14 | 11 | 22 47 
LA chap dent 266 14 12 21 | 52 | 176 18 13 30 51 
2 or more MOONS. « -2--=- see == sa-- == b ~~ no-no n= ~ === 163 | 19 | 16 27 | 66 18] | 23 22 | 32 | 59 
Alf défendahts:....e.---- 910 12 | 9 19 | 66 2 255 19 15 28 61 


1 Time measured to date trial began. 
2 Time measured to verdict. 


23 Motions for mental examinations are frequently filed in murder cases and 


take 60-90 days to be completed. 
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4 months recommended in the proposed model timetable. 
These times are long despite the fact that most of the 
steps in the process require very little actual court time.*# 
A defendant can be presented before a magistrate in a 
few minutes. A preliminary hearing takes between 15 
and 30 minutes unless there is extensive cross-examina- 
tion or the Government is forced to produce many wit- 
nesses. A grand jury can hear, consider, and vote on 
the average case in 30 minutes.** Arraignment takes a 
few minutes. Most motions can be heard in 10 minutes 
although some, in which evidence is taken, may require as 
much as half a day. A guilty plea usually takes no more 


NUMBER OF WEEKS TO DISPOSITION 


court time than is required to pose and receive “yes” or 
“no” answers to a dozen questions. 

The actual courtroom time for the defendant who 
pleads guilty prior to trial (approximately half of the 
defendants in the 1965 data) probably totals less than 
| hour, yet the median time from initial appearance to 
disposition takes 4 months. At least a quarter of this 
time is spent waiting for the return of the grand jury 
indictment. Some of the time after arraignment can be 
accounted for by case preparation and processing of 
papers. But for the average case this should be a matter 
of weeks not months. A prosecuting attorney has esti- 


** The processing times are estimates based on those given by experienced 
lawyers and on observations made in the courtroom. 


3 In District of Columbia 8 cases are sche 


duled to be presented to th 
jury during a 4-hour period. sai 


mated that he would spend about a half day in prepara- 
tion for an assault-with-a-deadly-weapon case involving 
two witnesses, and upwards to a week on a homicide case 
involving 20 witnesses. If motions are filed by the defense 
within 10 days after arraignment and heard and decided 
within a month thereafter, the average case should be 
ready for trial within 2 months after arraignment.?° 

The average elapsed time (including weekends and 
holidays) between the beginning of the trial and the ver- 
dict (for the 1965 felony cases examined) was 2 days 
for nonjury trials and 3 days for jury trials.27 The court- 
room days for trials in the District Court are Monday 
through Thursday with a reported average of 4-6 judges 
sitting on the criminal side in 1965. There was then, 
as there is now, a backlog of cases awaiting trial. In 
November 1966, it was observed that there were 302 
cases on the reserve calendar, all motions having been 
completed but with some impediment preventing their 
going to trial, and 147 cases on the ready calendar with 
all impediments removed. It was also reported that in 
October 1966 the court had disposed of 40 cases with 
seven judges sitting in the criminal division. Further 
the backlog appears to be increasing; from July 1964 to 
July 1965 an increase of 20 percent was reported (from 
ALD toro10)7* 


SIMULATION OF THE PROCESSING OF FELONY 
CASES IN THE D.C. COURT SYSTEM 


There are a number of alternative methods which sug- 
gest themselves and which might alleviate the delays 
and backlogs in the District Court for the District of 
Columbia. In order to pretest some of these and evalu- 
ate the feasibility of meeting a timetable such as that 
recommended by the Commission in chapter 5 of the gen- 
eral report, the Science and Technology Task Force de- 
veloped a simulation of the processing of felony cases 
in the District of Columbia court system. 

The two main reasons for using a simulation program 
are: 


(J It would be impractical to conduct actual experi- 
ments in the court system; such experiments can 
be run via the simulation. 

“] The results of the simulation can be used to pretest 
and evaluate the relative impact of various pro- 
posed policies and changes, such as firm timetables, 
increasing resources, etc. 


Due to the limited time available for the development 
of the simulation, an established simulation language, 
IBM’s General Purpose Systems Simulator (GPSS) ,”° was 
selected. The language, although not primarily de- 
signed for simulating the court system, proved quite ade- 
quate and was flexible enough to handle all of the situa- 
tions considered. 

The resulting model, called COURTSIM, is described 
in more detail in a separate report.*° Figure I-5 is a 
modified version of the flow diagram introduced in fig- 
ure I-l. The circles represent processing units or 


26 Clearly an exception is the case where a mental examination is granted; this 
examination was taking upwards from 60 days in 1966. Fifteen percent of the 
defendants in 1965 were granted mental examination motions. ' ; 

“7 These averages were calculated from the 1965 data by the President's Com- 
mission on Crime in the District of Columbia. The median values have not been 

ined. 
sa reer Report of the Director, Administrative Office of the U.S. Courts, 1965. 
291BM Application Program, “General Purpose Systems Simulator III, User’s 
Manual,”” Form H20-0163-1, Technical Publications Department, White Plains, 


N.Y. 
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“milestones” in the processing of a felon. For example, 
the circle labeled PRS represents the Court of General 
Sessions, U.S. Branch, where the defendant makes his 
first appearance before the courts. The circle labeled 
USC represents the U.S. Commissioner, where the de- 
fendant can also be presented. The arrows from one 
circle to another indicate the possible paths that the pro- 
cessing of a defendant may take; for example, from ARR 
(arrested) he may be presented to the U.S. Commis- 
sioner or his case may be discussed with the DAA (an 
Assistant U.S. Attorney, General Sessions Division) for 
possible presentment at PRS. Finally, the arrows going 
to squares represent possible stages in the process where 
a defendant may cease to be handled by the system due 
to a dismissal, reduction of the charge to a misdemeanor, 
“no paper,” etc. 

The numbers on the arrows represent the percentages 
of defendants leaving each processing unit which take the 
indicated path. These percentages were estimated for 
fiscal year 1965 from the data and by staff members of 
the President’s Commission on Crime in the District of 
Columbia. 

COURTSIM simulates a defendant entering the court 
system by generating an identification number and pro- 
viding storage for relevant data including most serious 
charge, bail status, number of defendants in case, num- 
ber of motions to be filed, date and time of entering sys- 
tem, etc. In the model the number of defendants 
arrested each day on a felony charge was a random vari- 
able distributed uniformly between 20 and 80. This 
results in surges and periods of slack, but averages 50 over 
the long run. Although one could easily introduce sea- 
sonal as well as daily variations in the average number of 
arrests per day, this was not done here. Disposition 
(termination at a square in figure I—5) is simulated by 
eliminating all references to the individual and recording, 
for statistical purposes, his total time in the system. 

Both a clock and calendar are simulated. A workday 
of 5 hours was used,*! the day being divided into 60 time 
intervals of 5 minutes each. During each time interval 
every processing unit does its work and defendants’ cases 
proceed to the next unit if they are ready. When all the 
work for the time period has been completed the clock is 
incremented by one time unit and the work for the next 
unit of time commences. When the clock completes 60 
units, the calendar is incremented 1 day and the clock 
is reset to the beginning of the next day. 

At any given time a defendant is either being processed 
by some processing unit or waiting to be processed. Proc- 
essing of a person is simulated by his occupying one of 
the allotted spaces at that unit for the amount of time he 
is to be processed. ‘The capacity of a unit is equal to the 
number of people that can be simultaneously processed by 
it and is a function of the resources available for that unit. 
When all allotted spaces are occupied, admission is denied 
to other defendants ready to enter that unit. When a 
defendant has been processed at a unit, he departs to 
another unit, leaving the original processing unit free to 
accept another individual. 


20 “Court Operations: Data Analyses and Simulation of the Processing of Felony 
Defendants in the Trial Court System for the District of Columbia,’” now in prep- 
aration. The report will be available from the Clearinghouse for Federal Scientific 
and Technical Information of the National Bureau of Standards. 

3L.No more than 5 hours per day was allocated to the actual processing of 


felony cases (as simulated here). Estimated hours per year for each processing 


unit are shown in table I-9. 
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The amount of time a defendant spends at a given 
processing unit is determined by the characteristics of the 
actual process being simulated. At some places process- 
ing is estimated to require a fixed amount of time; at 
other processing units the time is randomly distributed 
within certain limits. 

Table I-5 summarizes the conditions used in the simu- 
lation of the courts in 1965. It shows the estimated aver- 
age capacity of each unit and the processing times 
required per defendant in that unit. 


When a defendant arrives at a processing unit an at- 
tempt is made to process his case immediately. Any one 
of the following conditions can prevent immediate action 
and consequently result in his entering a queue: 

1. The processing unit is currently being used to 

capacity. 

2. The shared resources required at this processing unit 

are not available. 

3. The unit is not open on this day of the week or hour 

of the day. 


EXIT FROM SYSTEM 
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——> PERCENTAGE OF DEFENDANTS FROM EACH STEP MOVING TO EACH 


OF THE SUCCESSIVE STEPS 


ACQ ACQUITTAL 
ARG ARRAIGNMENT 
CAL CALENDAR 

CNV CONVICTION 
CON CONTINUANCE 
DCC © NONJURY TRIAL 
DCJ JURY TRIAL 

MFD MOTION FILING 
MOE MOTIONS ENDED 
MOF MOTION HEARD 
PLD GUILTY PLEA 
SEN SENTENCING 


When the above conditions are no longer in effect, the 
processing unit is ready to accept another case from its 
queue. If the queue is empty, a portion of the processing 
unit’s capacity remains idle until a defendant arrives for 
processing. 

The results of the COURTSIM simulation are pro- 
vided in statistical output form. These outputs consist of 
three types of statistics that are tabulated and computed 
during the computer run. They are associated with 
queues, processing units, and lengths of time required for 


defendants to move between selected points (stages) in 
the system. ‘The reported queue data includes: average 
queue length, maximum queue length, mean length of 
time spent in queue. Information on processing units in- 
cludes: average utilization, maximum utilization and 
average processing time. Statistical output on times be- 
tween various units includes: percentiles, mean, and 
standard deviation of the elapsed times. 

Table I-6 summarizes some of the COURTSIM fea- 


tures presently incorporated. ‘The first column represents 


Table I-5.—Assumed Processing Times and Capacities of Processing Units in Simulation Runs 


Units of 
Process Processing | resource time | Capacity Comments 
unit used (1 unit of 
time=5 min.) 
Arrest ARR a : 
: Tee * 1 Presentment at the U.S. Commissioner (USC) 5 days a week. Preliminary hearing at the U.S. Com- 
—_ 1 missioner (CPH) on Tuesdays and Thursdays only, with priority given to presentment. 
CPH 16,3 7 
Presentment and Preliminary Hearings DAA 3.8) 6 Case brought before Assistant U.S. Attorney, General Sessions (DAA), with presentment (PRS) and 
—— preliminary hearing (PHR) taking place at the U.S. Branch, Court of General Sessions, Monday 
PRS 1 through Saturday, Presentments have priority over preliminary hearings. 
— 1 
PHR 6,3 
DAB 8 Case brought to the Grand Jury Unit of the U.S. Attorney's Office (DAB) where case is prepared 
— for grand jury or information (INF) written. Grand jury processes case (GJI) and case returned 
INF 1 3 to attorney (DAC), same as DAB, to be filed at District Court. GJI open Monday through Thursday. 
Indictment DAB, DAC, and INF open Monday through Friday. 
DAC 12,6 
GJI 6,3 1 
ARG 1 1 Arraignments (ARG) take place on Friday by Chief Judge in U.S. District Court. Defendant may plea 
guilty at this time (PLD). Motions are heard (MOF) on Friday, as are sentencings (SEN). 
BUDS Siler ar ol ee 
MOF an? 5 
SEN (eae cee 
Arraignment, Motions, Continuances, ZER Oy Sal eae Motion is granted, resulting in zero delay (ZER), 14 days delay (FRT) or 60 days delay (SIX) or 
Sentencing. — motion is denied (DEN) resulting in zero delay. Cases are allowed to go to trial 42 days after 
FRT (2 (0) gna Cees oe arraignment (MOE). Continuances (CON) follow MOE when they are granted. 
Ch AF rie a eee 
DEN (cpaeme | Perea | 
MO EA |= oe ee ie oes 
CON BO00T200) | aoe 
READV I) Hz eeee 25. |S ees (READY) of CAL block used to determine percentage of cases going to trial versus nontrial disposition. 
DCJ See comment Jury trials (DCJ) and nonjury trials (DCC;) take place Monday through Thursday and the time re- 
: — quired depends on type of trial and number of defendants in the case. Defendants who plead 
Trial DCC; do guilty after ARG require 5 minutes of court’s time (DCC2) as do defendants who plead guilty after 
. 5 READY (PLD2). 
DCC; do 
PLD2 1 


' The notation 6,3 represents an average time of 6 units (30 minutes) with a spread of --3 units (15 minutes). 


a partial list of the computer statements or instructions CO) Up to 100 different parameters can be associated 
used in COURTSIM,* the second column describes what with each defendant. Only 5 parameters have been 
the statement instructs the program to do, and column 3 used so far: date the defendant was indicted, 
illustrates the statement by examples. Not all of the po- whether or not he was on bail, the number of de- 
tential features of the model are shown in this table. fendants in a case, the number of motions filed, and 
Other features include: the most serious charge. 


O The capability to process either defendants or cases. COURTSIM was used to simulate the flow of the 1965 
CI Allowing the various processors to be available only felony defendants through the District of Columbia court 
on given days of the week: for example, no trials on system. Where data were not available for the model 
Friday, Saturday, Sunday. (Vacations and holidays estimates were obtained from knowledgeable officers of the 
can also be incorporated. ) courts and from direct observation. This was necessary 
C] Changing the number of available processors at a _ particularly for the actual court processing times. The 
processing unit as a function of workload, time of resources used in 1965 (numbers of judges, attorneys, etc.) 


year, day or week, etc. were specified for COURTSIM. After several computer 
OQ) Incorporating built-in delays such as exist in hear- runs, the resulting output of COURTSIM matched suf- 
ings of motions, mental examinations, etc. ficiently well the median times observed in the 1965 Dis- 


O Assigning an Assistant U.S. Attorney, Criminal Divi-  ttict of Columbia data. The small percentage of cases 
sion, to each case which is to be processed in the Dis- _ that necessarily require exc eptionally long times between 
trict Court. (Court-appointed, retained, legal aid _ events in the system are not reflected in the model: how- 
or other defense attorneys can be assigned _ever, these can easily be incorporated. 


defendants. ) The COURTSIM model was run a total of 10 times 
™ The instructions also require other terms; for example, with the ADVANCE 
instruction one must include the advance time, which can be a fixed value or a 


random variable. 


with the first run representing the processing of felony 
cases in the District of Columbia in the year 1965. The 
basic validation of the model was accomplished on the 
run called “Basic Revised.” Here the actual number 
of defendants (or cases) handled at various processing 
units, as well as the average time from presentment (or 
arraignment to other stages of the process agreed with the 
District of Columbia data on felony cases in 1965. Table 
1-7 lists the 10 runs of COURTSIM along with a brief 
description of the modifications made. 

Runs 1 and 7 represent simulations of the courts in 1965 
with Run | (called 1965 Basic) resulting in longer average 
times to disposition than was observed in the 1965 data and 
Run 7 (Basic Revised) resulting in average times typical 
of those observed. The main difference between Runs 
1 and 7 was in the amount of time spent in queue waiting 
to be processed through the Grand Jury Unit. Runs 2 to 
6 are modifications of Run 1 (or 7). Runs 8-10 are 
simulations associated with changes made in the Dis- 
trict Court in 1966, namely, rule 87. Run 8 represents 
the District Court system in the later months of 1966 in 
terms of the processing of defendants using the workload 
as observed in the 1965 data. 

The results of several of the simulation runs are pre- 
sented in table I-8 with a summary of a few of the more 
important time intervals starting from presentment of the 
defendant. The first row contains the median ** times 
from the 1965 District of Columbia data. The other rows 


Table |-6.—COURTSIM Processing Unit 


oi 


contain similar data obtained from the computer runs. 
In particular, the second row is a time summary of 
COURTSIM when used to simulate the conditions in 
1965. Of interest is the fact that from presentment to 
arraignment takes approximately 7 to 8 weeks (observed 
both in the District of Columbia data and Run 7 of 
COURTSIM); some 5 weeks of this time was spent 
waiting for the return of an indictment in the simulation. 
When this delay was reduced to an average of 8 days, as a 
result of adding additional resources at the grand jury, 
COURTSIM yielded the times shown in the third row. 
Hence, the time awaiting return of the indictment was 
reduced by some 4 weeks. 

The fourth row gives a lower bound on the average 
times if all transit times were eliminated, (1.e., as soon as 
one processing stage finishes with a defendant, he pro- 
ceeds immediately to the next and waits only if the next 
processor is busy or is unavailable because of weekends) . 
If such a condition had existed in the District of Colum- 
bia courts in 1965, a defendant would have taken an 
average of approximately 2 months after presentment to 
be ready for trial. Comparing these times with that of 


Table |-7—COURTSIM Computer Runs 


| l 
Features 


Comments 


Represents 1965 in terms of distribution of 
1 ow of defendants pag 2 the system. 
This run established the feasibility of the 
GPSS approach. 


Too big a queue developed in the 
Grand Jury Unit during the 
initialization period which 
affected statistics in the run. 


Ca pabi lities Same as above except: All felons had to have | This run showed that without in- 
_— initial processing through the U.S. Com- creasing the number of com- 
2 missioner's office. missioners, the felons can be 
Computer Computer operation Example of the simulated court operation handled in this fashion with no 
statement significant increase in time to 
a £5 pups = disposition. 
Take time for the de- Time to go from presentment or preliminary Same as | except: All felons had to have | Total time would be devoted to 
Advance fendant to go to the next hearing to Grand Jury Unit is one-half 3 initial processing through the U.S. Branch presentment and preliminary 
processing unit. hour. of the Court of General Sessions. hearings with insufficient time 
—_—_--—— for misdemeanor trials. 
Assign the defendant a If defendant has a certain characteristic © —— - : —_—__—— - 
Priority priority. (example: he is in jail) let him be proc- Same as 1 except: Percentage of guilty pleas | Time to disposition increased by 
essed as soon as possible. 4 is reduced from 57 percent to 36 per- several weeks, and larger queues 
ae _—— cent. developed at trial time. 
If the defendant cannot be | If it is not defendant's turn, the day is not = =——— - ———— ———-—- - 
immediately processed, Monday-Thursday, or the grand jury is Same as 1 except: All unnecessary delays | Time to disposition reduced by 
Queue ut him in line accord- not sitting, wait until all conditions are 5 removed (queues not considered an un- about 5 to 6 weeks. 
Test ing to his pe an met. necessary delay). 
0 see when he can = ———— ———- 
Naneaect Same as 1 except: Additional grand jury | Time to disposition reduced by 
eee — 6 resources so as to eliminate queue at the approximately 6 weeks. 
Move the defendant to the ee Pe desi oe to the ae grand jury. 
ing unit to be jury because the grand jury is available — = -_ 
Depart 2p el a be the is at the hed oF the queue) and the Same as 1 except: Queue in Grand Jury Unit | The results agreed closely with the 
ditions allow. day is Monday-Thursday. reduced by approximately 2 weeks; trial 5 data. 
__ apc 7 times increased by 50 percent (to com- 
The defendant is proc- Defendant's case is presented to the grand pensate for judge vacations, sickness. 
essed, an amount of jury by an Assistant U.S. Attorney with etc.); all grand jury indictments returned 
Enter time determined by one accompanying witness(es). Average time on Mondays. 
Test or more tests on his for presenting cise, grand jury delibera- ene — -—-- : : ~*~ 
Advance parameter values. tion and voting is one-half hour; de- Same as | except: All arraignments are heard | These modifications represent 
fendant’s characteristics can determine on second Friday after indictment; all changes made in 1966 but do not 
time. motions heard on second Friday after include the calendar system 
7 = es — — ee 8 aie dig a ka two alg ahh used in late jes! The time to 
for Indictment is voted and the grand jury is earings with first motion filed in less than disposition is reduced approxi- 
Leave oe Pecienta 4 available for the next case. 10 days after arraignment. mately 40 percent below that of 
= — | un I. 
_ i The defendant is assigned the number and a ——— = — AE a ne ee 
Assign ye eiter tdi type of charges brought in the indictment. g | Same as 8 except additional grand juries | An additional 5 to 6 weeks time 
Sele soith detendat | used to reduce queues in that unit. cut off of Run 8. 
= se SESE ae "ad REPS oT a pre _ i aaa : es re ge Se 
ahe> 4 Not applicable at indictment; used for ex- Same as 8 except: 1966 calendar system used | Time to disposition about same as 
or decks ahuenoasnd amie after arraignment to test the work- (cases to trial selected from ready calendar | Run 8 
Test defendant and transfer load of the court and the associated queues 10 as a function of jail or bail, time since 
Transter according to the func- and determine the percent who plead arraignment and U.S. Attorney); guilty 
Function | tion. guilty, file motions, etc. pleas reduced to 30 percent 
1 


33 Because of the few defendants 
times are larger than the median ti 
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whose times are exceedingly large, the mean 
imes and tend to distort the average. 


The 


means obtained from COURTSIM do not deviate greatly from median and hence 
are shown in table I-8. 
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the eighth row (the Administration of Justice Task Force 
recommended maximums), one can see that the time- 
table up to trial appears achievable. 

The inputs to COURTSIM were modified to reflect 
some changes in rules and procedures of the District 
Court and their possible implications. These modifica- 
tions include such factors as (1) decreased number of 
defendants pleading guilty as a possible result of the 
Bail Reform and the Criminal Justice Acts; (2) a delay 
in the entry of a guilty plea; and (3) the amendment of 
rule 87.** In addition, the current calendering system 
was incorporated. Cases were scheduled for trial with pri- 
orities given to jailed defendants and old cases provided 
there was no conflict with the case-assigned District At- 
torney. The 1965 input data was used, plus the above 
modifications. The results are tabulated in rows 6 and 
7 of table I-8. Row 6 reflects the effects of enforcement 
of rule 87 on elapsed times after arraignment. Row 7 
shows the simulated average times with one grand jury 
sitting regularly and with an additional grand jury sitting 
when necessary to keep the average waiting time in the 
Grand Jury Unit under 1 day. This Run also reflects the 
effects of maintaining the 1965 guilty plea rate of 55 per- 
cent. This last result again suggests that the timetable 
recommended by the Administration of Justice Task 
Force apparently can be met up to trial. 

Other changes can be examined with minor modifica- 
tion of COURTSIM. For example, one could examine: 


CL) What would happen to bottlenecks and time delays 
if a different calendaring system were introduced 
in the District Court? 

O) What would happen if more cases had to be 
procesed than presently estimated? 

(1) What would be the effect of further changes in the 
scheduling of motions, sentencing and trial dates? 


The above analyses indicate what can be done with 
a tool like COURTSIM in studying the impact on time 
intervals of changes in the court procedures. Associated 


with these analyses one must also look at the potential 
changes in the workload. Table I-9 shows the court 
workloads obtained from the various computer runs of 
COURTSIM. In Runs 4, 6, 7, and 10, about 30 percent 
of the estimated number of hours the U.S. Commissioner 
has available for presentments and preliminary hearings 
were used for this purpose. On the other hand, the U.S. 
Branch, Court of General Sessions, was used at approxi- 
mately 90 percent of its available capacity in these simu- 
lation runs. (This Branch also tries misdemeanors. ) 

To see the effect of relieving the workload on the 
U.S. Branch, a run of COURTSIM (Run 2) was made 
with all felony defendants (about 6,300) having pre- 
liminary processing at the U.S. Commissioner’s office. 
The condensed time and workload results are shown in 
tables I-8 and I-9. The computer run indicates that 
the time to process a defendant is not significantly in- 
creased, nor will the workload on the U.S. Commissioner 
be excessive, if all those arrested on a felony charge have 
preliminary proceedings before the U.S. Commissioner.*” 
This tentative conclusion bears further investigation; 
however, these preliminary results suggest that such ac- 
tions be considered. If all defendants were processed only 
at the U.S. Branch, General Sessions (Run 3), the work- 
load would be excessive, with a slight increase in the 
times to reach various processing stages. 

In summary, the 1965 data indicated that the median 
time to disposition, not including the time between con- 
viction and sentencing, was 130 days for all defendants 
arraigned in that year. Of this time, approximately 40 
days elapsed between preliminary hearing (or present- 
ment, for those who waived preliminary hearing) and 
return of indictment. The computer simulation indi- 
cated that most of this time (35 days) was spent waiting 
for processing in the Grand Jury Unit. With a second 
grand jury and associated support the cases no longer 
piled up at this point and the 35-day wait to which all 
felony cases were subject was eliminated. About 70 
percent of all felony cases filed in the court in 1965 were 


Table |-8.—Representative Felony Processing Times (Average Number of Days) 


Return of End of Ready for Time in Queue 
Presentment to indictment | Arraignment Guilty plea Dismissal motions ! trial at Grand Jury Run 
COURTSIM Run Unit 
1965: date: (median days). sus <a ee 40 53 107 134 148 3167 ? $ 
BUSEY DAS IC, she MIS C0 or A a rt se ois 47 54 116 122 152 160 4, 36 7 
1965 basic with grand jury queue eliminated__.______ 16 24 90 eae a 127 8 6 
1965 basic with grand jury queue eliminated and zero a 
RY BTIS Man G Getter tea enrastets ook ae = Suen 6 8 48 Ay palit eizeee. 56 <1 5 
1965 basic—All cases processed through U.S. Com- — 
MISSIUUG Rat ance Waa ies eos kana s ae 61 64 131 WAU! alr Tike eth 164 45 2 
1965 basic with rule 87; guilty pleas at 30 percent | 38 40 68 58 70 88 31 ? gg 
1965 basic with rule 87; eliminated queue at grand a = anced 
1 ee SS. Ss ee ee eens e 7 9 37 27 39 57 <1 9 
Administration of Justice task force model timetable a oe = 
(maximum). ___........--- eo ee 14 V7 80 255 S0itera'|> pet cbc 


1 At least 1 motion. 
2 First motion decided. 
5 To trial date. 


*4 Amended rule 87 of the U.S. District Court for the District of Columbia pro- 
vides that motions are to be filed within 10 days after arraignment and heard the 
second Friday thereafter; arraignments are to be held the second Friday after the 
return of the indictment. 


bed Under the present system of fees, and a maximum permissible yearly payment 
there is little incentive to process additional cases once this maximum has been 
reached. In the District of Columbia, the U.S. Commissioner typically earns his 
maximum salary in the first 6 months of the year. 
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Table |-9.—Estimated Number of Hours/Year Required From Processor 


Sa U.S. Branch, Court of General Grand Jury Unit U.S. District Court 
Processing unit ef Sessions 
simulated = me a 
Presentment U.S. Attorney : Presentment U.S. Attorney Grand jury Motions and Trials 2 
and preliminary Preparing, and preliminary preparing 3 indictment Arraignment sentencing (cases) 
Sear hearing screening, etc. hearing 
SU SoA CL Oc a yan 4,675 1, 560 3, 900 1, 040 260 1, 300 5, 200 
Run No.: — 
6 AS io oor meee 351 4, 210 1, 390 3, 600 1, 010 153 377 440 
ee <-Jemty y. * e 347 4, 240 1, 406 14,010 11,120 160 387 387 
Os aed ea teuacice ts 4. ate 4, 322 1, 442 4, 010 1, 044 152 490 666 
ihre ere eee etre 0 Eee a oe oe 3) 895 1! 048 147 436 374 
S40 Deed ae 310 4, 102 1, 375 3, 000 1, 058 148 400 732 
OF PY fe Mn Pe all eager Pee ee 4, 460 1, 633 3, 700 1, 070 153 432 420 


1 Run 6 used the increased Grand Jury Unit cecolineeneh 25 i i 

2 peccent discussed in the text. 

ee are number of cases per year. The number of cases/year varies in Runs 2, 3, 6, 
and 7 because of the random function used in COURTSIM. The increased numbers in Runs 


disposed of by guilty plea or were dismissed on motion 
before the next major potential bottleneck in the system, 
awaiting trial. In the simulation, opening the bottle- 
neck at the grand jury reduced the net time in the court 
for these 70 percent of the cases by the full 35-day wait 
at the grand jury. 

Not all aspects of the COURTSIM runs were com- 
pletely successful. For example, in the 1965 simula- 
tion, the cases that went to trial (i.e., 30 percent of the 
total cases) took approximately 5 weeks less when- the 
bottleneck at the grand jury was eliminated. There was 
only a slight increase in the time it took to go from ar- 
raignment to trial disposition. The explanation for this 
probably lies in the nature of the data that were available 
for the simulation: 


(1) Number of Judges: In 1965 an average of five 
judges was reported to have been sitting on the 
criminal side of the U.S. District Court for the 
District of Columbia. 

Available Judge Hours: The courtroom hours 
for trials were 10:00-12:30 and 1:45-4:00 (with 
two 10-minute breaks) 4 days a week; the fifth 
day was reserved for motions and sentencing. 


(2) 


From the above, it was assumed that 5,200 hours per 
year were available for trial of criminal cases in the 
District Court in 1965 (5 judges X20 hours/week X 52 
weeks/year). 

(3) Required Trial Time: The available data on 

felony trial times were as follows: 

(a) From the D.C. Crime Commission 
analysis of 1965 felony cases, an aver- 
age of 2 days and 3 days for nonjury 
and jury trials, respectively (these rep- 
resent upper bounds in that weekends 
are included and fractional days are 
considered full days). 

From the Administrative Office of 
the U.S. Courts, Annual Report 1965, 
table C8, the average nonjury trial 
time was computed to be 1.33 days, the 


4 and 10 result from a decreased percentage of pleaders. 


3 The variations in preparation times from run to run is in part due to the different esti- 
mated processing times used. 


average jury trial time was computed 
to be 2.8 days. (This is an overall 
average of all U.S. District Courts.) 


In the simulation an average of 1.3 days was used for 
single defendant nonjury cases, 1.8 days for single de- 
fendant jury cases. These values were increased for 
multiple defendant cases (35 percent of the cases) for 
an overall average of 1.5 days and 2.2 days for nonjury 
and jury trials, respectively. These times do not include 
Friday, Saturday, and Sunday for cases that ran over the 
weekend. When that time is included, an average of 
2 days and 3.6 days for nonjury and jury trials, respec- 
tively, resulted in the simulation. 


(4) Number of Trials: In the simulation a total of 
440 cases went to trial; this compares with 407 
reported for the U.S. District Court for District 
of Columbia in fiscal year 1965 in the Adminis- 
trative Office report (table C7). 


Based on (1) to (4) above the simulation indicated 
that the total number of trial hours required in 1965 was 
90 percent of the trial hours assumed available. By re- 
ducing the queue at the grand jury a temporary surge was 
created and increased the load on the judges by an ad- 
ditional 15 percent. The slight queue resulting from this 
did not significantly increase the total average time for 
trial disposition. 

In summary an average of 25 percent time reduction 
was observed for the combined trial and nontrial dispo- 
sitions. This reduction is due to the fact that there was 
only a small increase in time for those who had trial dis- 
positions (due to the temporary surge by relieving the 
queue at the grand jury) under the assumptions in the 
simulation. 

Further, if one required that all motions be filed and 
heard within 17 days, (Run 8) in association with the in- 
crease in the Grand Jury Unit resources, the simulation 
results indicated that the mean time from initial present- 
ment to trial disposition was reduced from over 5 months 
to 3 months. 

There appears to be some evidence that since 1965 
there have been increasing demands on the courts. This 
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might be attributed to several recent changes, e.g., the 
Bail Reform Act and the Criminal Justice Act. The 
study in question did not assess these changes in detail. 
Furthermore, the procedure for scheduling cases for trial 
has been modified, and the percentage of cases disposed 
of by guilty pleas has reportedly declined. 

During the period from 1960-63, the yearly averages 
were 1,093 filings and 1,077 terminations, a close bal- 
ance. The court’s processing rate over the period 
1964-66 averaged about 1,200 cases per year. From 
1963-66, filings increased at a rate of over 100 cases per 
year to a level of 1,453 in 1966. The backlog of pending 
cases, which was stable at an average value of 480 in the 
period 1960-64, climbed to 610 in 1965 and 913 in 1966. 
This would seem to offer strong evidence that significant 
changes occurred in the District of Columbia courts dur- 
ing the 1965-67 time period. Because of the above, a 
detailed analysis of the courts in the present time period 
would be required to evaluate the court’s resources neces- 
sary to handle the current workload. Unfortunately, 
the data required for this analysis and simulation are not 
readily available and for certain types of data (e.g., proc- 
essing time) are not being collected. The computer sim- 
ulation tool developed here can be used in this evaluation 
provided that these data are made available. 

The data deficiencies which have limited all the Task 
Force’s efforts have also hampered the court analyses, 
even though the District of Columbia criminal felony data 
is far more extensive than any examined. Some of the 
required data are not available in court records nor in the 
present criminal jackets or records. To alleviate this 
deficiency: 


(1) Data should be collected not only on those cases 
for which return of indictments are made but also 
on those cases (or defendants) which drop out 
from the felony processing route. This can be 
accomplished by establishing a felony disposition 
file made up of jackets which store the informa- 
tion on each case until disposition. Each jacket 
should contain all the required information on the 
case, including all the data presently being col- 
lected in the felony jackets as well as the following 
types of information: 

Amount of court time spent at each processing 
stage, e.g., length of time for preliminary hear- 
ing. 

Number of witnesses used at each processing stage. 

The date the case was ready to be processed and 
the date it actually was processed; e.g., when 
the case was handed to the Grand Jury Unit for 
processing, when it was presented, and when the 
indictment was voted. 

The jackets should be designed and coded so as 

to minimize the problems associated with conver- 

sion to computer tapes or cards. To achieve a 

maximum of uniformity and consistency, the 

jacket design should use a multiple-choice selec- 
tion layout. Such a design has been established 
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by the Administrative Board of the Judicial Con- 
ference of the State of New York. A felony dis- 
position jacket should be formatted so as to be 
applicable on a nationwide basis using the New 
York approach as a basic guide. A misdemeanor 
disposition record should be designed concurrently 
with the same features. 


No data have been collected to investigate the possible 
cost for data collection or those costs associated with the 
changes investigated in the court system. Obviously, 
such analyses are required in order to determine which of 
several proposed changes achieves a desired level of im- 
provement, such as meeting a model timetable, most eco- 
nomically. This general approach, called cost-effective- 
ness analysis, has become standard within the Depart- 
ment of Defense and has applicability to criminal justice 
as well, as discussed in chapters 2 and 5. One estimate 
made indicated that an additional increase of 25 percent 
of manpower resources in the Grand Jury Unit (one U.S. 
Attorney, one clerk, both full time, and one grand jury, 
one quarter of the year) would cost approximately 
$50,000. 

Some conclusions and recommendations can be drawn 
based on the results of the analyses of the District of Co- 
lumbia felony data and the running of COURTSIM. 
Some require more detailed analyses based on accurate 
measures of processing times. Others call for close, co- 
ordinated work between the court staff and a research 
team to refine, examine, and test some of the tentative 
conclusions. 

Based on the examination of the processing of felony 
cases in the District of Columbia: 


(] Serious consideration should be given to using the 
U.S. Commissioner’s office for the preliminary 
processing of felony defendants, thereby relieving 
the workload on the U.S. Branch of the Court of 
General Sessions. Readjustment of resources in 
the U.S, Attorney’s Office and additional hearing 
days at the U.S. Commissioner would probably be 
required. 

CJ Based on the above analyses, the elapsed time be- 
tween presentment and return of indictment can be 
reduced from an average of 6 w 2ks to 2 weeks by 
eliminating the queue at the grand jury. This would 
require some additional hours by the grand jury, 
a more expeditious manner of preparing and proc- 
essing the indictments and a review of the addi- 
tional U.S. Attorney and clerical manpower re- 
quirements. Relief of this delay at the grand jury 
will have an impact on the queue that exists for 
trial. A close examination of the extent to which 
court rules for filing motions and granting motions 
are enforced, the practicality of extensive use of 
pretrial hearings, together with an analysis of the 
number of hours and trial days available would 
reveal the impact of relieving the grand jury queue 


O 


on the total time before disposition for defendants 
going to trial. 


The timetable recommended by the Administration 
of Justice Task Force appears to be reasonable for 
the District of Columbia court system and could be 
used as a standard against which to measure delay. 


An intensive data collection effort should be insti- 
tuted in the District of Columbia court system in 
order that the present simulation can be refined and 
other analyses performed. This data collection 
should record the time, in minutes and hours, not 
just days, that is actually spent in processing the 
defendant, by what court official or staff member 
this is done, and what action is taken. This should 
cover all cases from time of arrest to final disposi- 
tion, not just those cases that are commenced in 
District Court. Such an effort would not be unduly 
burdensome; statistical sampling techniques can be 
used, forms prepared and those persons already in- 


volved in the system could -record the necessary 
information. 


The COURTSIM model can be refined with better 
data and in close coordination with court officials; 
it should be pursued and imbedded in the court 
system to provide court management with a useful 
tool. Furthermore, it has the potential for including 
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processing of misdemeanor cases in the Court of 
General Sessions. 


The analysis of court operations, although focused on 
delay in the proceeding of felony defendants in the Dis- 
trict of Columbia, leads to recommendations for court 
operations in general: 


0 A uniform data base should be established in order 
that meaningful and useful analyses can be accom- 
plished to isolate problem areas and recommend 
solutions on a county, State or National level. 


O The COURTSIM model should be extended to 
several large urban areas as a pilot study to deter- 
mine its applicability to other court systems and its 
overall usefulness. Concurrently with these pilot 
studies, a more sophisticated computer language 
should be developed to increase the efficiency and 
flexibility of the simulation program. 


The Task Force has focused on delay and workload. 
Clearly there are other areas of equal importance that 
deserve close examination: updated management pro- 
cedures administered by a court administrator; evalua- 
tion of the cost and manpower requirements associated 
with potential changes in the system; organizational 


changes in some courts; and the layout of physical 
facilities. 
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Appendix F 


PROJECTED PERCENTAGE OF U.S. POPULATION WITH CRIMINAL 


ARREST AND CONVICTION RECORDS 
by Ronald Christensen 
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The object of this note is to provide an estimate of the 
percentage of the future U.S. population which will have 
a criminal arrest record resulting from at least one non- 
traffic arrest, and of the percentage which will have a 
criminal conviction record resulting from such an ar- 
rest. Making such estimates requires assumptions about 
how trends will develop in the future. In general, we 
make the assumption of “steady state,” or that the cur- 
rent situation will continue into the future. This is not 
intended to suggest that the current situation will neces- 
sarily continue, but that the projections will be as indi- 
cated if it does continue. If, for instance, the pro- 
jection of arrest probability is viewed as undesirably high, 
then that would suggest a reconsideration of the factors 
making it so high. The value of such projections lies in 
stimulating such considerations much more than in a 
literal prediction of the future. 

Making these projections also requires various data 
on such parameters as number of arrests, population dis- 
tribution, and the virgin arrest ratio (i.e., the portion of 
arrestees who have never before been arrested). Some 
of these parameters, especially the virgin arrest ratio, are 
difficult to estimate accurately from available data. 
Wherever possible, conservative estimates have been used. 
Since the validity of any analyses such as those reported 
here are inherently limited by the available data, we 
hope that this paper will stimulate the collection of more 
accurate and complete data. 


ARRESTS 


The arrest data * used are based on crimes reported in 
the FBI’s Uniform Crime Reports (UCR) for 1965. 
These crimes are listed together with arrest totals for 
the reporting agencies: 


Offense charged All ages meee Ne Ages over 18 
otal: Ses a ee ee ee 5,031,393 | 1,074, 485 3, 956, 908 
Criminal homicide: 

Murder and nonnegligent manslaughter __ 7,348 635 6, 713 

Manslaughter by negligence__________ 2,815 196 2,619 
Forciblerapes.. ee soe ene 4 10, 734 2,245 8, 489 
RODD Gn yee so oes a ee & 45, 872 13, 813 32, 059 
ARRravAtan aSSaUltizc-..neen oe eeae cbewree 84, 411 12,950 71, 461 
Burglary, breaking or entering-.-_-_-___-____- 197,627 102, 472 95, 155 
arGOnveLOtie cena. 3 eee eee 383, 726 210, 469 173, 257 
AUKOTt eh beee eee. 28 55a es ee oo 101, 763 63, 596 38, 167 

Total of above offenses_-____-_________-- 834, 296 406, 376 427,920 
Otherassaults===— 9 te ae eee eee 207, 615 31, 948 175, 667 
AI SON eee oe ee eee oe eee 6, 187 4,031 2, 156 
Forgery and counterfeiting_-_________________ 30, 617 2, 962 27,655 

FAUUS ame cop erence Poe eee kee 52, 007 1,796 50, 211 
Enibezzlements.2 5558 so. peas eee eas 7,674 275 7,399 
Stolen property: buying, receiving, possessing_- 19, 060 6, 720 12, 340 
Vangalisiiee— sae ea Se en Soe 89, 668 68, 785 20, 883 
Weapons: carrying, possessing, etc____________ §3, 585 10, 985 42,600 
Prostitution and commercialized vice.________ 33, 987 839 33, 148 
Sex offenses (except forcible rape and prosti- 

RUON) Sos ge sacens eae eae ce eee 58, 205 14, 097 44,108 
Narcotic drug laws.._.____________ ae 46, 069 5, 345 40, 724 
Gambling creten cee ee cee ees eo 114, 294 2, 561 111, 733 
Offenses against family and children__._______ 60, 981 648 60, 333 
Driving under the influence..________________ 241, 511 1,937. 239, 574 
WIGUON [AWS cess Sere J eee. ee on gs ae 179, 219 48, 456 130, 763 
DIUNKeNNESS 2 are can anon canes Dee ee 1, 535, 040 25,912 1, 509, 128 
Disordenlyicondcteese ssc anne oe a 570, 122 93, 472 76, 650 
VAST anGVar sere eed a? ie ee 120, 416 7,894 112, 522 
All other offenses (except traffic).____________ 531,970 156, 310 375, 660 
SUSPICION 5 es. ee ee ae 76, 346 20, 612 55, 734 
Curfew and loitering law violations...________ 72, 243 (2 2aSuirs eee ee. 
RIM AWAY Sie gees see ee ee ee 90, 281 SOP 2B Lael oe 


During the last 5 years, the probability of being arrested 
as a function of age has been increasing for each age 
group of the population, the increase being most pro- 
nounced for the younger age groups. However, for 
purposes of this calculation, we will make the conserva- 
tive assumption that the age-specific arrest probabilities 
for future years will remain the same as they were in 1965. 
This tends to underestimate the probability of eventual 
arrest. Yet, this probability will be found to be strik- 


ingly high even with this and other conservative 
assumptions. 


1“Crime in the United States, Uniform Crime Reports—1965"; July 28, 1966, 
p- 112. Covers 4,062 reporting agencies which represented an estimated 1965 
population of 134,095,000. 
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METHOD USED 


Suppose P, is the probability of a person in the class 
of interest being arrested as a t-year-old. Then the 


probability of an individual in this class being arrested 
during his life is 


P=Po+(1—Py)Pi+(1—Po)(1—P1)P2+ bee de 


=>) 0-P,)...—P,-vP, 


i i 
=1—(1—P;}) 
t=0 


where T is a large number, say 90 years, after which age 
few people are arrested for the first time. 

_ However, suppose pf is the probability of an individual 
in the class of interest being arrested for the first time as a 
t-year-old. Then 


t=0 


The two equations are, of course, equivalent since 
p.=(1—Po) worn (1—P,-1)P, 


Our model is steady state in the sense that we assume 
that the age-dependent arrest probabilities for 1965 carry 
forward unchanging into the future. 

In figure J—1, those persons 5 years old in 1965 fall in 
the lower left-hand shaded box in the figure. (We use 
5-year-olds since this is approximately the age at which 
some arrests begin to occur.) As time progresses, this 
group advances up the series of diagonal boxes. Because 
of the steady state assumption, all boxes along a horizon- 
tal line represent identical arrest probabilities. Thus, we 
refer back across to the associated box in the 1965 data 
base to establish the appropriate p;. 

Let V; be the number of first arrests in the t* box and 


M; be the total number of people in the ¢'” box. Then 
V; 
t)=—+ 
P(O=a, 


is the probability of first arrest for someone in the ¢'" box.” 
The proportion of the 5-year-olds who, from survival 

statistics, will live to be ¢ years old is L; (see table J-1). 

Thus, the probability of a person who is 5 years old today 

being first arrested as a t-year-old is pr=Lip(t). 
Summing, we get: 


t 
Se 


as the probability of someone 5 years old today being ar- 
rested by the time he is a t-year-old. The summation is 
proper since being arrested for the first time at one age 
and being arrested for the first time at a different age are 
disjoint events. 


2 The denominator must be the total number of people in the t'! box, and not 
just those never arrested at a younger age, in order to obtain the cumulative 
probability by simple summation as we do below. If we reduce the denominator 
as stated, we get the conditional probability of a t-year-old being arrested given 
that he has never been arrested. The ratio V1/Mt, on the other hand, is the 
joint probability of a t-year-old being arrested and never having been arrested 
before. Not only would using the conditional probability rather than the La 
probability lead to a more cumbersome formulation, it would require data presently 
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FIGURE J-1. THE POPULATION MODEL 


DATA BASE POPULATION GROUPS 


AGE 


POPULATION GROUP FOR WHICH 
PROJECTIONS ARE MADE 


1965 


Table J-1.—Probability of a 5-Year-Old Surviving 


to Age t 
Age (t) Probability (L:) Age (t) Probability (L:) 
of survival of survival 

Fegiavases leases T0000 40io.. coe -eesccsepcosre 0. 9578 
ae SP SOTA ke Pee ees ts . 9403 
Dag 3 EE PS, ACL ET Ay bo as Se . 9135 
VAN) on See SARE Pe ee SOUDO Ai OOe teat Oe eee ee ene . 8727 
Ye es RS ee Re ERIN: a Pee aes es . 8143 
E |). ae eee, SO ee Tt fig [i dns sae ae BSS . 7341 
a ee S598: || GOl.cabn tad eens soe 6266 


Source: 1966 Statistical Abstract. 
DATA ON ARRESTS AND VIRGIN ARREST RATIO 


Figure J-2 shows the distribution of the total number 
of arrests in 1965 by age,® as recorded in the 1965 UCR. 
The total area below the top curve integrates to a total 
of 5,031,393 arrests by reporting agencies servicing a 
population of 134,095,000 (about 69 percent of the total 
census estimate of 194,400,000 for 1965). We will 
assume that the crime characteristics of this population 


unavailable; namely, data on the arrest history of the population as a whole 
as well as on those arrested in 1965. 

2 An interesting anomaly is the unusual secondary peak in the rates of arrest 
for various crimes of reported 18-year-olds and the corresponding depressions for 
reported 17-, 19-, and 20-year-olds in fig. J-2. (The peak is even more pronounced 
for graphs drawn by crime type.) It remains to be seen whether this is a real 
phenomenon or a peculiarity in reporting the age of arrestees. 
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FIGURE J-2. 1965 ARRESTS BY AGE FOR ALL NONTRAFFIC OFFENSES 
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are representative of the United States in general, 
although we will later correct for the relative dispropor- 
tion of urban coverage by the reporting agencies. 

The next problem is to find the fraction of all arrests 
which are virgin arrests; i.e., arrests of individuals who 
have never been arrested before.t This datum is crucial 
to the calculation, and has proved most difficult to come 
by. Almost all potential sources for this datum proved 
to be insufficiently complete, resulting in an unrealistically 
high figure. For example, according to the Bureau of 
Criminal Statistics for California, about 32 percent of the 
arrests in San Mateo County between July 1, 1961, and 
June 30, 1962, were of individuals with no prior record.° 
A breakout of this percentage by crime type is given as 
follows: 


Virgin Virgin 

Felonies Percent Misdemeanors Percent 
OMG se eeaec ans ocenaeee ZONONIWASSAUL Coo eno a canaeecee se 38.9 
RODDGLY). =< bo ns- casos ase te Wad) aPetty theft. 2. - Samant 50.0 
Aggravated assault... 49.1 | Drunk driving _..--.-__- abe 36.5 
BUT glass sume cae ea  8 2558) WiGheckSi, -scosas stewed. 2 E 38.9 
Grand theft, except auto _____ AM AMADA Rint ee ee oe 22.5 
NU ONC) ee ee 23.7 | Disturbing peace..__...._____ 35.4 
Forgery of checks____.______ 35.3 | Malicious mischief__..-______- 50. 0 
Rape ______ SEGRee cures sone 40.0 | Sex offenses.....__.____ eee 49.0 
Othiensexia. 329522 x2c-s 66.7 | Other misdemeanor___.______- 36. 0 
[Piri eee at ee 2 ae 10.0 
Other felonyistss. <=. ee = 24.3 


These included both felony and misdemeanor ar- 
rests, and the misdemeanor arrests included roughly the 
usual proportion of such things as arrests for drunken- 
ness. Aside from the fact that San Mateo is not repre- 
sentative of the nation, the principal reason for the 
extremely high figure is that juvenile arrest was not 


ALL ARRESTS (UCR DATA) 
AREA © 5,031,393 ARRESTS 


ee 
0 


AGE (years) 


included either as a criterion for inclusion in the sample 
or as a part of “prior record” in the data. It covered 
only adult records of adults arrested during the period. 
Almost one-quarter of all arrests are of persons under 18 
years of age. 

The FBI criminal history file,° which yields a virgin 
arrest ratio of about one-quarter, is also not applicable 
to this problem. First, it includes only fingerprintable 
offenses (even not all of these), and therefore excludes 
drunkenness, etc., from almost all jurisdictions. Sec- 
ond, it is a file of certain arrestees rather than a repre- 
sentative sample of all arrests during some given period. 
Similar remarks apply to State criminal history files, such 
as the New York State file which, by counting virgin ar- 
rests in arrest reports received, was found” to yield a 
ratio of about one-third for the year 1965. 

On September 22, 1966, a random sample of arrest rec- 
ords was taken from the District of Columbia Metro- 
politan Police Communications and Records Bureau 
criminal history file. The fraction of these arrests which 
were of individuals with no prior record in the file is 
shown in figure J—3 as a function of the year of the ar- 
rest. The downward trend seems to suggest that the 
file has been becoming more complete over the last 5 
years (although it is probably also due in part to the 
fact that the percentage of the population with no rec- 
ord has been decreasing as the arrest rate has been in- 
creasing). Here again we get a ratio somewhere be- 
tween one-quarter and one-third due to such factors 
as the absence of juvenile records in the file and the 
absence of records from other jurisdictions. 

The only source of data which proved sufficiently com- 
plete was a study of 1965 juvenile referrals and adult ar- 
rests in the District of Columbia based on probation de- 


‘In the steady state model (but allowing arbitrary population-age distribution), 
the virgin arrest ratio r is exactly the inverse of the average number of arrests a 
during the lives of those arrested at least once: 


_. number of virgin arrests in any year 


total number of arrests in the year 
__ number of people arrested in a long-time period 


~ total number of arrests in the long-time period 


a 


For example, if the average arrest career is 8 arrests, then on the average 1% of 
all arrests in any given time period are of persons never arrested before. 

® Bureau of Criminal Statistics, California Department of Justice, ‘‘San Mateo 
County Statistical Reporting Project,” 2700 Meadowview Rd., Sacramento Calif 
For the period 1962-63, the number was about 29 percent. ? ; 

®UCR, 1965, p. 28. 

7 Private communication, September 1966. 


FIGURE J-3. FRACTION OF VIRGIN ARRESTS IN THE DISTRICT 


OF COLUMBIA CRIMINAL HISTORY FILE ! 


] . 
Fraction of arrests in the District of Columbia 
criminal history file which were of individuals 
with no prior record in the file. 


FRACTION 


1960 61 62 63 64 65 66 
YEAR OF ARREST 


partment investigations.* For juveniles, it was found 
that about 39 percent of those referred to juvenile court 
had no previous referrals. For adults, it was found 
that about 15 percent of the white arrestees and 8 percent 
of the Negro arrestees who were convicted of a felony 
in 1965 had no prior arrest record for either a misde- 
meanor or a felony.*° These last figures are probably 
lower than the national averages both because District 
of Columbia, being urban, is not a truly representative 
area, and because this sample is probably biased toward 
the repeater, being of convicted felons only rather than 
all arrestees. 

According to the UCR, 29 percent of the U.S. arrestees 
in 1965 were Negroes, while 71 percent were whites and 
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others. Thus, projecting the above fractions onto the 
nation as a whole, we obtain: 


(0.71) (0.15) + (0.29) (0.08) =0.13 


as an estimate of the fraction of all adults arrested in 
1965 who never had a prior arrest. 

Now we must deal with the fact that some persons were 
arrested more than once in 1965. Let us define: 


N,a=Number of arrests in 1965 
N, =Number of individuals arrested in 1965 
Ny=Number of virgin arrests in 1965 


Then, for juveniles: 


x) 
x) as N, guventie®’ 231 percent 
juveniles 


Na i. 

N. I / juveniles 

using the figures: 
N. r) 
= = 39 percent 
N. I / juveniles P 

and: 
Na) : 
= 11/25 
N, I / juveniites 

For adults: 


2) 
x) _ Nr /asuits 7 6 percent 
adults 


Nalaaune (Na) 
N; adults 
using the figures: 
nt) ~13 percent 
Nr adults 
and: 
Nia 


mete wl21.7 
N; Na 


This gives us estimates of the virgin arrest ratio for two 
different age groups, those below 18 and those 18 and 
above. (Although the juvenile-adult dividing line varies 
from jurisdiction to jurisdiction and can even depend 
upon the case within a jurisdiction, we will use the aver- 
age of about 18 years of age for purposes of these compu- 
tations.) However, if we want to know the probability 
of an individual acquiring a record by the time he reaches 
a given age, then we must know explicitly how the ratio 


8 Report of the President's Commission on Crime in the District of Columbia; 
1966; appendix. 

9 Ibid, p. 490. 

10 Thid, p. 488. 

11 Based on data from the 52d Annual Report of the County Court of Phila- 
delphia, 1965, pp- 111 and 131. 

12 A conservative estimate of this number can be obtained as follows: Let a= 
average lifetime number of arrests of persons arrested at least once in lifetime, 
and Ta=average arrest career (average number of years between first and last 
arrests of persons arrested at least once). Then the average number of arrests per 
year during an arrest career is a/Ta. If all we know is that an individual was 
arrested at least once in 1965, our estimate of the number of additional 
times that individual was arrested during that year should be no greater than 


a—1 
Ta 


Since Na—WNr equals the number of persons arrested in 1965 times the 
arrests per person in 1965, we get an upper 


average number of “additional” 


bound of 
Nia adv 
an 


Nr 
Nr (=) 
Ce ae a 


N 


a—1 


ee = 


At this point, we imagine leaving a as a parameter, and solving for it by setting 
r=1l/a when we finally compute the overall virgin arrest ratio. Using T.~10 
(FBI criminal career data), this gives the equation: 


0.13 CN, . 
0.31 (Na) Joveniles 4a Nad age 


(Na) Juveniles +(NA) Adults 


l/a= 


Inserting the 1965 UCR values: 


(Na) Juveniles =1, 074, 485 
(Na) Adults =3, 956, 908 


The solution is a~8. 


This gives us: 


(82) say? 
Nika 
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of first arrests to all arrests varies with the age of the 
individual. We know that it is generally a decreasing 
function of age. But there appears to be no data from 
which we can directly determine the functional depend- 
ence. However, we do have sufficient information to 
construct a function which will be sufficiently accurate 
for our purposes. The data points on figure J—4 repre- 
sent the fraction of juvenile referrals, by age, in the Phila- 
delphia County Court in 1965 with no prior court record. 
Although these data refer to court records rather than 
arrest records, they are still useful in approximating the 
shape of the curve in the 6- to 17-year-old range, and 
providing a basis for estimating its shape outside this 
range. 

We now seek a curve, representing the ratio 7; as a 
function of t, of this general shape which satisfies the 
constraints : 


where: 
N;=Number of UCR arrests in 1965 of t-year-olds 


A curve which meets these requirements is also shown in 
figure J—4. 

Having found r;, we can plot r;N; as a function of f. 
This is the lower curve on figure J—2, representing the 
number of virgin arrests in 1965 as a function of age of 
individuals arrested. The number of virgin arrests is 
about 630,000 out of a total of 5,031,393, giving an 
overall virgin arrest ratio of about one-eighth, or 12.5 
percent. 

In general the age-specific ratio, r;, for any given age 
t, is highest for white females, next highest for Negro fe- 
males, next for white males, and lowest for Negro males. 
However the available data is insufficient to enable us 
to estimate very reliably the difference in the functional 
form of r; for each of these four categories. Instead when 
we come to the end of the calculation we will simply 
correct the weighted average to 0.15 for whites and 0.08 
for Negroes, in accordance with the District of Columbia 
Crime Commission data. Since males constituted the 
bulk, 94.1 percent, of the arrestees in that sample, these 
figures are really estimates for males and not for females. 
Data for 1965 from the County Court of Philadelphia in- 
dicates that the virgin arrest ratio is about two times as 
great for females as for males. We will also make this 
correction at the end of the calculation. 


FIGURE J-4. VIRGIN ARREST FRACTION AS A FUNCTION OF AGE 


ESTIMATED VIRGIN ARREST FRACTION 
AS A FUNCTION OF AGE (Note: This 
curve is not a fit to the data, which is 
used only to determine its general shape 
but not to fix its magnitude. ) 
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@ WHITE GIRLS 
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VIRGIN ARREST FRACTION 


AGE (years) 


ARREST PERCENTAGES 


Figure J-5 shows M;, the number of t-year-olds in the 
United States in 1965, as a function of age t, the total 
population being about 194,400,000. 

The curve of figure J-6 shows the probability of an 
individual being arrested during the year for the first 
time in his life as a function of age. It is calculated by the 
formula: 


ae UCR first arrests in 1965 of = ees) 


t-year-olds in United States in 1965 


y, 1965 United States population 

1665 UCR population ) 
(tN: 
= 7 ) (1.45) 


The fraction of total 1965 UCR arrests which were of 
males was 0.881 and of females was 0.119. Thus, the 


FIGURE J-5. 


POPULATION (millions) 


0 10 20 30 
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1965 U.S. POPULATION AGE DISTRIBUTION 


40 50 60 70 80 
AGE (years) 
(194,400,000 Population ) 


cumulative probability of the child born in 1965 having 
an arrest record by the time he is T years old is given 
by: 

Male: 


I 0.881 
P,,(T) = 24 0.499 Pt 
Female: 
cE OAR 
PAT) =2 a 0.508 2! 
where: 


pi=L p(t) 


As mentioned previously the factor of 2, to correct the 
female virgin arrest ratio, is included in the above expres- 
sion for females. 

These curves are plotted on figure J—7. They show, 
for example, that the probabilities of eventual arrest by 
the time of life-expectancy age to be 0.52 for males and 
0.13 for females. These figures are not yet corrected 
for the disproportionate urban coverage of the UCR. 

The lifetime arrest figure for males can be checked 
against intuition very easily. Assume for simplicity that 
all first arrests occur at age 16. There were about 
(0.492) (3,480,000) = 1,710,000 16-year-old males in the 
United States in 1965, and about LTO? = 1,180,000 
16-year-old males in the population covered by the 1965 
UCR arrest data. The 1965 UCR records 4,431,625 
male arrests.!* So with this simple intuitive model, the 
probability of a male being arrested during his life is 
about: 


1 
4 (4,431,625) 100 ent ~47 percent 
1,180,000 “0” Pere ‘ 


A similar intuitive calculation for females gives 12 per- 
cent (using an overall virgin arrest ratio of one-quarter for 
females). 

This approximate calculation also shows that any error 
in the original data is not compounded into a larger error 
in the final result. The final result is directly propor- 
tional to the virgin arrest ratio, the total number of ar- 
rests, and inversely to the population. Thus, a 10-per- 
cent error, for example, in any of these data would simply 
produce a 10-percent error in the final result. These 
same considerations apply to the more detailed computa- 
tions for each age group. 

The principal reason for the difference in results of the 
two calculations, 52 and 13 percent versus 47 and 12 per- 
cent, is that in 1965 there were fewer persons in each of the 
age groups beyond age 16, and that the first calculation 
took into account a significant fraction of the first arrests 
being distributed over these older age groups. Each of 
these age groups then produced a contribution with a 
smaller denominator to the sum. Another reason, some- 
what less important numerically, is that the first calcula- 
tion accounted for the survival probabilities, L:. 

Both of these calculations depend critically upon the 
somewhat uncertain virgin arrest ratio. The value used 
here has been based on a rather conservative set of as- 
sumptions. Nevertheless, there will always be uncertainty 
resulting from the problem of incompleteness of arrest 
records. However, on the basis of the data which was 
available, it appears safe to conclude that if future arrest 
rates are as high as those in 1965, then the lifetime ar- 
rest probabilities will be at least 40 percent for males and 
10 percent for females, and possibly even higher. 

Of course, figure J—7 probably overestimates the frac- 
tion of the present population that has an arrest record 
(say, by looking at the figures corresponding to the cur- 


13 UCR, p. 115. 


FIGURE J-6. 1965 VIRGIN ARREST PROBABILITY BY AGE FOR ALL NONTRAFFIC OFFENSES 
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FIGURE J-7. PROBABILITY OF AN INDIVIDUAL 5-YEAR OLD BEING ARRESTED FOR A NONTRAFFIC OFFENSE BY THE TIME HE REACHES 
GIVEN AGE, ASSUMING FUTURE ARREST PROBABILITIES REMAIN THE SAME AS THOSE IN 1965 


PROBABILITY OF HAVING ARREST RECORD 


AGE (years ) Uies 
2S. MA WRSA |e 
MEDIAN AGE OF 1965 U.S, POPULATION LIFE i aed 


EXPECTANCY EXPECTANCY 


rent population median age of 29.5) since the probability with the police, such as a traffic contact.1# Using 1965 
of being arrested was lower in the years prior to 1965. A arrest probabilities, figure J—-7 shows that, to an age of 
statewide representative sample of 11,329 Minnesota boys 171% years, our analysis gives an estimate of about 25.1 
and girls (28 percent of all 9th-grade public school chil- percent for males and 6.5 percent for females. 

dren for the 1953-54 school year) showed that by the Statistical research of the County Court of Philadelphia 
time they reached 1742 years of age 24.2 percent of the together with school census figures and U.S. census dota, 
boys and 6.3 percent of the girls had either police or court shows that as of 1961 about 21.4 percent of Philadelphia 
records for offenses more serious than a minor difficulty boys and 7.1 percent of the girls were referred to courts 


14 Hathaway, Stein, Elio Monachesi, and Lawrence A. Young, Journal of Criminal 
Law, Criminology and Police Science, 50, 433-440 (January-February 1960). 


before reaching age 18.1° In Fayette County, Ky., as of 
1960 it has been estimated that 20.7 percent of the boys 
and 5.2 percent of the girls were referred to juvenile court 
before age 18.‘° Based on data from a representative 
nationwide sample of juvenile courts, it has been estimated 
that about | in 6 boys and about 1 in 23 girls in the coun- 
try will be brought into juvenile court for delinquency 
before 18 years of age.1” 

To distinguish city, suburban, and rural populations on 


the curves in figure J-8, the appropriate correction fac- 
tors are: 


| City Suburban Rural 
NMalesemcee ce oe  eeee tee eee 1.190 0.616 0. 431 
Re piletsperr time ae teertee ae 5 | 1.177 584 305 


For example, the city male correction factor was cal- 
culated as follows: 


(Ages UCR city male arrests in 1965 
Number UCR male errests in 1965 


x( 1965 UCR population ) 
1965 UCR city population 


x( U.S. male-fraction ) 
Urban male-fraction 


FIGURE J-8. 


PERCENT OF THOSE IN SAMPLE 
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Ga (555000 (Gass 
~ \4,431,625/ \101,652,0007 \0.484 
LOO 


As an illustrative application, consider a male who was 
10 years old in 1965 and who can be expected to live in 
the city for the next 20 years. The probability that he 
will be arrested at least once by the time he is 30 is: 


1.190 (0.40—0.03) =0.44 
Using the above correction factors to provide geo- 


graphic distinctions for the population, we estimate the 
lifetime probability of a nontraffic arrest to be: 


Male Female 
(percent) (percent) 
United States in general 50 12 
(Rie ee ae ern ae Ei 62 15 
SUB iba ee ee ee eo 32 ys 
Rial ena sere aer en eee Sen eee ee 22 4 


The “United States in general” figures were obtained 
from the specific figures for “city,” “suburban,” and 
“rural” by allocating 67 percent of the U.S. population to 
city, 12.6 percent to suburban, and 20.4 percent to rural.?® 


ARREST HISTORY FOR SAMPLE OF CONVICTED ADULT FELONS 


NUMBER OF ARRESTS 


adelphia, 1961, p. 134; Mona- 


15 48th Annual Report of the County Court of Phil 9, 66-72 


han, Thomas P., “On the Incidence of Delinquency Social Forces,”’ 
(October 1960). 

16 Ball, John C., Alan Ross, j 
Prevalence of Recording Deliquency in a 
cal Review, 29, 90-93 (February 1964). 


and Alice Simpson, ‘Incidence and Estimated 
Metropolitan Area,” American Sociologi- 


17 Perlman, I. Richard, ‘Juvenile Court Statistics,’ 1964; Children’s Bureau 
Statistical Series, No. 83, HEW, 1965, p. 1. 

181965 UCR, p. 44. Actually, the 67 percent refers to standard metropolitan 
statistical areas; ‘‘suburban,”’ as used in the UCR, includes some counties lying 
within such areas but excluding the core city. However, the UCR gives insuf- 


ficient information to improve the allocation. 
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This then corrects the overall results to roughly account 
for the disproportionate urban reporting to the UCR. 

If we wanted to break these figures down finer, the 
next logical factor to consider would be economic level. 
But data correlating arrests to income are not available. 
However, some racial breakdown data are available, and 
this does provide limited information on the effects of 
economic level. Once factors such as sex, income, and 
residence are considered, any additional differences due 
to race are small. 

To get a racial breakdown, we correct for the number 
of arrests by race as recorded in the UCR, the pop- 
ulation by race as estimated by the Census Bureau, 
and the basic virgin arrest fraction by race taken as 15 


percent for whites and 8 percent for nonwhites. The re- 
sults are tabulated below: 
Males Percent Females Percent 
PES a Mal OS eee ee SOU US shemaless oe es ea 12 
0) Ee eS ee 62 LEV ane a eee 15 
LL) CS a See 58 WAN eee ete ne ee eee 14 
Nonwhite....._.____________] #9 >90 Nonwhitetes-< ssca22- eee 25 
SULIT Co) Sas Se ene ee dl 32 SHUDUE Han ee eee. ane 7 
Wi Clase ie ae eae as lees Se 30 Win tegen: 5 Sota ee ey: 
NOMWi terse eee SB Nonwhites. <5 2: =e 12 
Rua. eee ee ee 22 Ruf dl eee oe eee 4 
Wee se eee 21 Wihiteeessi aoe 6 ie 3 
Nonwiites 265 2. ay AE 38 Nonwhitets2aea- eo oe eee 7 


19The data used was not sufficiently accurate to justify making other than 
general estimates of percentages exceeding roughly 80 percent. In_ this 
case, effects such as differential survival probabilities between males and females 
and whites and nonwhites, which were not taken into consideration, as well as 
the basic uncertainties in the virgin arrest ratios can produce distortions with 
greater absolute magnitudes. 


CONVICTIONS 


The data problems which limited the previous analysis 
on arrests was serious, but could be overcome by taking 
a number of approaches and by trying various data 
sources. In trying to extend the analysis to include con- 
victions rather than only arrests, the data problems be- 
came even more severe, and very crude approximations 
became necessary. Despite these limitations, that exten- 
sion is made here, largely to illustrate the approach, to 
provide a first order-of-magnitude estimate, and to iden- 
tify the data still needed. 

The conviction analysis is based on integration over 
age of virgin conviction probabilities. Since age- 
specific conviction probability data is not available, we 
carry out this integration by summing over the average 
virgin conviction probabilities for a time-slice of the 
population. This amounts to assuming that the popu- 
lation-age distribution is flat; i.e., the same number of 
people falling in each age group, with nobody in age 
groups past the expected remaining lifetime 7 beyond 
the age at which we start our cohort. If the total pop- 
ulation is Ptotai, then the number in any age group in this 
model is M=Protai/T. The lifetime conviction prob- 
ability is then: 

pat 1 

M  Peotar/T 


where C is the number of convictions per year and fe 1s 
the fraction of convictions which are of persons never 
before convicted. onts Ae 1 

The actual population-age distribution 1s more dense 
at the young ages. Thus, since most virgin convictions 
occur toward the early part of the life expectancy, the 
flat distribution assumption, which was necessary because 
of the unavailability of national age-specific conviction 
data, will result in an overestimate of lifetime conviction 
probabilities. To estimate the amount of error intro- 
duced by the flat distribution assumption, this assumption 
can be applied to the arrest calculations. This would 
have resulted in estimates of 64 and 17.5 percent for 
lifetime arrest probabilities of males and females, respec- 
tively, instead of 52 and 13 percent which resulted from 
the actual distribution. Since most virgin convictions 
occur within a few years after most virgin arrests, it 1s 
reasonable to estimate the actual lifetime conviction re- 


sults by introducing correction factors of 22 =0.81 for 


13 
7.5 

The probability of an adult being charged with a part 
I offense *° and being convicted (of the charged offense 
or a lesser offense) in an adult court in 1965 was:** 


=0.74 for females. 


males and 


1965 part I city canst) 
1965 UCR city population 


city population 

total population 
city arrests 
total arrests 


x 


x( 1965 U.S. population 
1965 U.S. population >18 


101,652,000 
( 120,736\ | 134,095,000 | (194,400,000 
~ (56,554,000 4,401,598 124,099,000 
4,955,047 
= 0.00285 


Next we need the fraction of those convicted who do 
not have a prior conviction record. For a sample of 
88 U.S. District Courts in 1964 this was 0.349, being 
0.326 for males and 0.609 for females. These numbers 
would probably be unrepresentative of many UCR-type 
crimes (e.g., drunkenness which has a very high recidi- 
vism rate). Lacking better data, however, we will make 
our preliminary calculations using these numbers, recog- 
nizing that the final results may be in error. 

Further, we assume for purposes of making a first esti- 
mate that male and female conviction probabilities are 
the same. Then, assuming conviction probabilities do 
not change in future years, the probability of an indi- 


°° These offenses are criminal homicide (murder and nonnegligent manslaughter, 
and manslaughter by negligence), forcible rape, robbery, aggravated assault, 
burglary—breaking or entering, larceny—theft, and auto theft. 


*l Different tables in the UCR have different population bases. Hence, it has 
been necessary to include appropriate population terms, since individual ratios 
must use the population base of the particular table. 


vidual who was 18 in 1965 eventually being charged with 
a part I offense and convicted is: 


Males: 
Fraction of 1965 part I 
(0.00285) | offense arrests which 
were of males 
Male first conviction fraction 
Male fraction of population ) 
(remaining male life expectancy) 
0.326 
= (0.002 ; ae = 
(0.00285) (0.866) cae) (67-17) 
=0.0818 
Females: 
Fraction of 1965 part I 
(0.00285) | offense arrests which 
were of females 
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We make the assumption that the part I first-arrest 
fraction divided by the fraction of all arrests that are 
first arrests is approximately two. This is based on the 
data that one-fourth of the 1965 entries in the FBI 
criminal career file were new entries and one-eighth of 
the total U.S. arrest in 1965 were first arrests. We now 
estimate the fraction of convictions per part I arrests.”* 
The calculation is tabulated in table J-—2. 

Next, we assume that the fractions of convictions per 
arrest for part I arrests are roughly typical of the 
fractions for all arrests.2* Then, using these estimates 
of the fractions of convictions per arrest, we can make 
the following order-of-magnitude estimates of the life- 
time conviction probabilities for all UCR-type charges: 


Corrected 
Arrests Convictions lifetime 
(percent) per arrest convictions 
percentage 
19 
25 
10 
7 
5 
6 
3 
2 


Female first conviction ee) 
Female fraction of population 


>< (remaining female life expectancy) 


Zz 0.609\ 2. 
= (0.00285) (0.134) seas) (73-17) 


= 0.0256 


Now, applying the sex-residence correction factors given 
previously, we can calculate the lifetime probability, by 
sex and residence, of an adult conviction, which results 
from being charged with a part I offense: ** 


Males, Females, 

percent percent 
i) ee ee 7) 2.4 
Sir Rate eee es Se gee nae ee 4.0 2 
Thi | boca ete Rae * Reece ee a Eee 2.8 0.6 


Table J-2—Calculation of Convictions per Arrest 


Part! Convic- 

All Part! | Ist arrest | Part! | tions on} Convic- 

arrests | arrests | fraction | arrests | apart! | tions 
(percent)} all | ~all Ist- (percent)| charge | per part 
arrests arrest (percent)| | arrest 

| fraction 
Males: 

aleeit tie ates ok 62; 0.158 Hs 19.6 7.9 0. 40 
Suburban Sela eee 32 . 201 2 VAY 4.0 0. 32 
i. eee ee eee 22 . 193 2 8.5 2.8 33 
ee ee «te 15 . 189 2 ay 2.4 0.39 
SUpUTUAN LL tance eu. tee 7 .219 2 Suk 152 0. 36 
iT ¢ | Cee ae eee 4 130 | 2 1.0 | 0.6 | 0. 52 


22 Corrected for age distribution by including a factor 0.81 for males and 0,74 


for females, as previously discussed. , _ 
28 Since part I charges represent the more serious charges, this is probably 


The reasonableness of these results, which imply that 
a fraction of f~0.12 of the population is eventually con- 
victed, can be seen by the following consideration. Let 
P be the total U.S. population, g be the fraction which is 
at any point in time under supervision of some sort in the 
correctional system, and T be the total number of years 
under correctional supervision during the life of an aver- 
age individual in the fraction f. Then, since the average 
lifetime is about 70 years: 


70 
T gP a a 


From correctional ** data, g~0.007. 


Therefore: 


0.49 
Le ihe 


Thus, f~0.12 implies that T~4 years. Although in- 
sufficient data has been found to permit an independent 
calculation of T,, this does appear to be in the realm of the 
reasonable. 


LIFETIME ARREST HISTORY PROFILES 


We will now estimate lifetime arrest history profiles for 
the U.S. population. First, let us look at the male 
population. 

One estimate of the profile can be obtained by assum- 
ing that after the first arrest, subsequent arrests are statis- 
tically independent in the sense that their frequency of 


a conservative assumption. 
24See chapter 4. This includes correctional detention, 
tionalization of all kinds, and parole and other aftercare. 


probation, institu- 
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occurrence is given by the Poisson distribution. Then if 
p is the probability of being arrested at least once, the 
probability of being arrested 7 times is given by pqn-1, 
where: 


is the probability of n subsequent arrests given a first ar- 
rest, and: 


si 
: 


is the average number of subsequent arrests of those ar- 
rested at least once. 

For p=0.5, r=0.125, the resulting curve is plotted on 
figure J—9 (dotted line) , where the vertical axis is number 
of arrests (n) and the horizontal axis is arrest-nonprone- 
ness (x) measured in percentile of the population ar- 
ranged in order of decreasing number of arrests. For 
example, an individual having arrest-nonproneness x= 30 
percent means that 30 percent of the male population is 
arrested at least as many times as he is. 

Another estimate of the profile can be obtained from 
District of Columbia Crime Commission data. The per- 
cent of the sample of convicted adult felons with a history 
of a specific number of arrests versus the number of 
arrests ** is plotted on figure J-8. Subdividing the p—o0 
percent accordingly, we obtain the dashed curve on figure 
J-9. Although convicted adult felons may not represent 
the arrested population generally in terms of number of 
arrests, this appears to be the best data available. The 
points on the dashed curve, drawn in step fashion, can be 
approximated rather closely by a simple exponential 
function of the form 


x=50e-"/2 


where a is the mean number of arrests of those who have 
been arrested at least once. The fact that a is the mean 
can be verified in the equation: 


50G— it xdn 
0 


Using 1965 UCR data, the area under the curve 
should be: 


A (es arrested per year 


foals peptlation Jean erage male lifetime) 


age distribution correction 
factor/geographic correction factor 
100 percent 


(4,431,625) (67) 50:81 
~ (0.492) (134,095,000) “0.96 


100 


=382 


FIGURE J-9. PROJECTED ARREST HISTORY PROFILE 
FOR U.S. MALE POPULATION 


sesenesensnsas ASSUMING THAT ARRESTS ARE 
STATISTICALLY INDEPENDENT 


wee ee me m= BASED ON CRIMINAL HISTORY 
RECORDS OF CONVICTED ADULT 
FELONS IN D.C, 


EXPONENTIAL APPROXIMATION 
TO D.C, DATA 


NUMBER OF ARRESTS DURING LIFETIME 


ARREST -NONPRONENESS 
(Percentile of Male Population ) 


Using this datum, we can determine a. 
il tdn =50a=382 
0 


re wnO 


This is consistent with our previous estimate that about 
one-eighth of all arrests are first arrests. 


The curve: 
z=50e7”/7-6 


is the solid line on figure J-9. 


“5 Report to the President on Crime in the District of Columbia, 1966, app., 
p. 591. 


FIGURE J-10. PROJECTED ARREST HISTORY PROFILE 
FOR U.S. FEMALE POPULATION 


20 


NUMBER OF ARRESTS DURING LIFETIME 
on 


ARREST-NONPRONENESS 
(Percentile of Female Population ) 


Suppose, for example, we define strong repeaters as 
those who experience more than the average number of 
arrests (7.6) for nontraffic offenses in their lifetimes. The 
percentage of the male population who are strong re- 
peaters is then: 


¢,=50e7! 
~18 percent 


From figure J-9, we can also calculate the probabili- 
ties pi, given the individual is arrested at least 2 times, that 
he is arrested at least 1+] times. 

We have already established that po~0.5. To find 
pi for i==1, we set i=n+ 1 and evaluate: 


z(n+1) 


Diz apa 


a (by the definition of z) 


= gle 
Using a=7.6: 
p:~0.88 for all 121 


These results show that there is a striking difference 
between those people who get arrested at least once and 
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those who do not. The strong correlation between the 
first arrest and subsequent arrests, which shows up in the 
fact that pi». for i=1, indicates that there is a phe- 
nomenon of arrest-proneness. Were there no correlation 
between arrests, then they would be Poisson distributed 
over the whole population and not just the arrested 
population. If so, then we would expect the average 
number of arrests of those arrested at least once to be only: 


—In(i—p,) _—m(1—0.5) 
Do & 0.5 


= 1.36 


In reality it is about eight, a much larger number. So 
arrests are not Poisson distributed over the whole popu- 
lation. In fact, there is even a correlation between sub- 
sequent arrests, since the distribution over the arrested 
population is closer to an exponential distribution than 
to a Poisson distribution, as we have seen. 

Repeating this same calculation for females, we have: 


, (599,768) (73) 0.74 
ai (0.508) (134,095,000) X0.96* oe 
=49.8 
298 
~ 18.0 
=3.8 


If arrests were uncorrelated, one would expect a’ to be 


_mU—0.13) 


a 


The resulting curve: 
ae et 


is plotted on figure J-10. Using the same definition, the 
percentage of strong repeaters among the female popula- 
tion is: 


xj=5 percent 


LIFETIME CONVICTION HISTORY PROFILES 


In the previous section, we estimated lifetime arrest 
history profiles. We now turn to convictions. For 
males, the relevant data is:*° 


C=(male convictions per male arrest) A 
= (0.36)382 
=137 
jt 
19 
=7.2 


26 This says that the average number of convictions during the life of those 
convicted at least once (including convictions for such things as drunkenness) , 
assuming 1965 conviction rates hold into the future, is expected to be 7.2 for males. 
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The resulting curve 
i 19¢e-N/7-2 


is the upper curve on figure J-11. The corresponding 
curve 


y! = 5e-N 


for females is the lower curve on Figure J-11. 
Using a definition of “strong repeater” for convictions 
similar to that for arrests, we obtain 


‘Ys=7 percent 
Ys=2 percent 
as the percentage of the male and female populations, 


respectively, who are strong repeaters in convictions (over 
7.2 lifetime convictions for males and 4.1 for females). 


FIGURE J-11. PROJECTED CONVICTION HISTORY PROFILE 
FOR U.S. POPULATION 
eS eee 
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